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THE INFLUENCE OF VARYING AMOUNTS OF SULFUR IN THE 
SOIL, ON CROP YIELDS, HYDROGEN-ION CONCENTRATION, 
LIME REQUIREMENT AND NITRATE FORMATION! 


J. G. LIPMAN, A. L. PRINCE ann A. W. BLAIR 
New Jersey Agricultural Experiment Station 


Rece.vea tor publication March 3, 1921 


The senior author has already called attention to the rather rapid oxidation 
of sulfur when intimately mixed with normal soil, and with McLean and Lint 
(8, 9) has shown that the phosphoric acid of raw rock phosphate, may be made 
available by means of the sulfuric acid thus formed. He has also suggested 
the use of a moderate application of sulfur as a means of combating potato 
scab through the increased acidity of the soil. However, it was recognized 
that the use of sulfur in this way might have a pronounced prejudicial influ- 
ence on the soil reaction and also on nitrate formation and crop yields. 

In order, therefore, that more definite information might be secured on 
these points an experiment was planned in which sulfur was used at the follow- 
ing rates per acre in connection with the growing of barley and soybeans, the 
latter being grown as a second crop without further treatment. 


Plot number Pounds per acre 


Inoculated sulfur was used on the bd series and uninoculated on the a’s. 


The plots were approximately square and x acre in area. 


All plots received a uniform application of a complete fertilizer analyzing 
4 per cent nitrogen, 10 per cent phosphoric acid, and 3 per cent potash, at 
the rate of 600 pounds per acre. This was made from dried blood, acid phos- 
phate and muriate of potash. Both sulfur and fertilizer were spread broad- 
cast only a few days before barley was seeded on May 3, 1920. 

Germination was fairly uniform, but as the season progressed there was 
very definite indication of injury with the heavier applications of sulfur. 
This is shown by the dry weights (grain and straw were not separated) reported 
in table 1. On the uninoculated section (a) there is a gradual decline in the 


1 Paper No. 24, of the Journal Series, New Jersey Agricultural Experiment Stations, 
Department of Soil Chemistry and Bacteriology. 
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yield as the sulfur was increased until with the 4000-pound application the 
yield is less than half the yield where 200 pounds were used. On the inocu- 
lated section the yield was as much with 2000 pounds as with 500 pounds, 
but with 4000 pounds it was reduced to less than one-half the yield with the 
200-pound application. On plots 5a and 5b the blades of the barley plants 
first turned brown at the tips and then finally died back until at harvest time 
almost the entire plant was dead. Some weeds and grass grew even after 
the barley plants had died. The soil of these plots gradually became darker 
in color than the surrounding soil. 

Immediately after the barley was harvested the ground was disked and 
seeded to soybeans without further sulfur treatment. On plots 1a and 1b 
germination was about normal, on 2a and 2b not quite so good, on 3a and 3b 
there were a few scattering plants, and on the remaining plots there was 


TABLE 1 
Dry weights of barley and soybeans from sulfur-treated plots 


PLOT NUMBER SULFUR APPLIED PER ACRE | BARLEY (GRAIN AND STRAW) SOYBEAN HAY 


Uninoculated section 


lbs. lbs. lbs. 
la 200 2840 968 
2a 500 2360 992 
3a 1000 2000 690 
4a 2000 1710 490 
Sa 4000 1200 40 


Inoculated section 


1b 200 2460 660 
2b 500 2020 826 
3b 1000 1730 700 
4b 2000 2020 310 
5b 4000 1140 32 


practically no germination. However, beans which fell around the borders 
of these plots germinated and grew. 

As the season progressed there was considerable growth of crab-grass and 
weeds on the less acid plots where the stand of beans was incomplete. At 
the time of harvesting the beans, plots 4a, 4b, 5a and 5b were barren save a 
few bunches of crab-grass and smart-weed. It was very evident that certain 
of the weeds and grasses were more resistant to the unfavorable conditions 
than the soybeans. 

The beans were harvested as hay on October 8. The dry weights are 
reported in table 1 along with the barley weights. It will be noted that the 
yield was slightly greater in each case with 500 than with 200 pounds of sul- 
fur. This may be due to the fact that the seeding, which was done by hand, 
was not entirely uniform. Beginning with the 1000-pound application there 
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is a rather rapid decline in yield until with 4000 pounds of sulfur there were 
only 32 and 40 pounds, respectively, of dry matter per acre, which consisted 
of grass and weeds. 


HYDROGEN-ION CONCENTRATION OF THE SOIL SOLUTION 


In order that some information might be gained with reference to the 
rapidity with which the sulfur was oxidized, it was decided to make hydrogen- 
ion concentration determinations at intervals of two weeks. Since no check 
plots were provided in the seeded portion two unseeded plots lying beside the 
sulfured plots were taken as check plots for the soil work. 


TABLE 2 
Hydrogen-ion concentration expressed as pH values—sulfur-treated plots, 1920 
a a + a 
Bree ces los 

PLOT NUMBER | | Ghee |. eek s| eyed cs S FI 3 | a : : 8 
eleglelelalalel(slEleleleleiélé 
SLEIBIELEIEIE (Ee ele] 8) 8) ea] a] se 
pH | pH | dH | pH | pH | oH | oH | oH | pH | 6H | oH | oH | pH | oH | oo 
1, check 5.6] 5.6) 5.6) 5:6)°5.7| 5.7| 5.8} :5.9| 6.2| 6.3) 6.2/6.3: | 6.2) $.9) $.9 
2, check 5.8} 5.8} 5.8) 5.8} 5.9) 5.9} 6.0) 6.0! 6.2) 6.4) 6.3/6.3 | 6.2) 6.0) 6.0 
la 5.8} 5.8) 5.8) 5.8) 5.8) 5.8) 5.9} 6.0) 6.2] 6.1] 6.016.1 | 6.1] 5.8] 5.9 
2a 5.6) 5.5] 5.5) 5.7) 5.8) 5.5] 5.6) 5.4) 5.4) 5.8] 5.915.0*) 5.9) 5.8) 5.6 
3a 5.6} 5.6} 5.5) 5.0) 4.8] 4.8] 4.8) 4.5) 4.6] 4.8] 4.6)4.9 | 4.6] 4.9) 4.9 
4a 5.6} 5.6} 5.6) 4.8} 4.4) 4.0) 4.1) 4.2} 4.0) 3.8) 3.9/4.0 | 3.9) 3.9) 4.4 
5a 5.6) 5.5] 4.9) 4.5) 3.9) 3.9) 3.5) 3.6} 3.8) 3.6) 3.8/3.8 | 3.8) 3.9) 4.2 
1b 5.6) 5.6} 5.6) 5.6) 5.9) 5.8] 5.8] 5.8] 6.1] 6.0] 6.0/6.1 | 6.0} 5.9) 5.8 
2b 5.6, 5.6! 5.6| 5.7| 5.8] 5.8] 5.8] 5.6] 5.8] 5.8] 5.8]5.9 | 5.8] 6.0] 5.8 
3b 5.6! 5.6) 5.6] 5.0) 4.6) 4.7] 4.7| 4.7) 4.7] 4.7| 4.6/4.4 | 4.3) 4.4] 4.8 
4b 5.6) 5.5} 5.4] 4.7) 4.1] 3.9) 3.6) 3.8] 3.9) 3.9) 3.8/3.8 | 4.0) 4.2) 4.3 
5b 5.6) 5.5) 5.0) 4.3) 3.8) 3.9) 3.6) 3.8] 3.8) 3.7] 3.9/3.9 | 3.9) 3.9) 4.2 


* Omitted from average. 


Sampling was begun May 17, 2 weeks from the date of seeding the barley. 
Five or more cores of about 1 inch diameter were taken from each plot, cutting 
to the depth of 63 inches, and these were combined to make one sample for 
the plot. The samples were immediately taken to the laboratory where they 
were air-dried and prepared for analysis without grinding. The hydrogen- 
ion determinations were made by the colorimetric method, the double-tube 
standard described by Gillespie (5) being used. The results of these deter- 
minations are reported in table 2. The check plots ran fairly constant around 
5.9 to 6.0 throughout the season, with a slight tendency to become less acid 
toward the end of the season. Check 1 was slightly more acid than check 2 
during the first half of the season. Plots 1a and 1b (200 pounds of sulfur) 
gave readings quite close to the check plots and here also there was a tend- 
ency toward the less acid condition near the end of the season. 
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On an average 2a shows a slightly higher acidity than 2b, but for a number 
of the samplings the readings are identical. The point of highest acidity for 
these plots was reached August 24 (16th week). From this time on, there 
was a tendency toward a decline in acidity until November 18 when the 
readings were 5.8 and 6.0, respectively, with an average of 5.6 and 5.8. 

Beginning about the sixth to the eighth week plots 3a and 3b (1000 pounds 
of sulfur) show an increase in acidity. For 3a the maximum acidity occurred 
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Fic. 1. HyproGEN-Ion CONCENTRATION (pH VALUES) WITH VARYING AMOUNTS OF 
UNINOCULATED SULFUR 


August 24 and for 3b on November 4. The average for the period was 4.9 
and 4.8, respectively. 

A decided increase in acidity is noted for 4a and 4b on June 28 (eighth 
week), though 4b showed slight increase the fourth and sixth weeks. The 
maximum for both plots was reached August 9 when the pH value was 3.6. 


2 A reading of 5.0 for 2a on October 21 has been omitted from the average, since no expla- 
nation was found for a reading which differs so widely from those for samples taken two weeks 
earlier and two weeks later. 
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On November 18 the readings were 3.9 and 4.2, respectively, with an average 
of 4.4 and 4.3 

The maximum acidity for 5a and 5b also occurred on August 9 when the 
readings were 3.5 and 3.6, respectively, with a period average of 4.2 and 4.2. 

As previously pointed out these plots and also 4a and 4b were so strongly 
acid that the soybeans were practically a failure. 

These differences in reaction are clearly brought out by the graphs in figures 
1 and 2. 
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Fic. 2. HyproGen-Ion CoNCENTRATION (pH VALUES) WITH VARYING AMOUNTS OF 
INOCULATED SULFUR 


LIME REQUIREMENT COMPARED WITH HYDROGEN-ION CONCENTRATION 


Lime-requirement determinations (revised Veitch method) (14) were made 
on samples from section a collected May 17, June 28, August 9, September 
23 and November 4, these dates being at intervals of about 6 weeks. 

In table 3 these results are compared with the pH values obtained on the 
same samples. From the table it will be noted that the lime requirement 
was fairly constant—800 to 1000 pounds—for all of the plots on May 17, 
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about two weeks from the date of applying sulfur. With only two exceptions 
(plot 1a) the requirement did not vary greatly from these figures for the 
check plot and plots 1a and 2a, throughout the season. 

On June 28, however, there was a distinct increase beginning with plot 3a 
(1000 pounds of sulfur per acre), the lime requirement being 1400 pounds. 
For 4a and 5a the requirement on this date was 2800 pounds. 

This rather sharp rise in lime requirement for 3a and 4a is noted again on 
August 9, September 23 and November 4, and for 5a on August 9, this latter 
being the highest lime requirement noted during the period under consideration. 

It is of especial interest to note that 500 pounds of sulfur did not materially 
increase the lime requirement over that of the check plot. It did, however, 
result in some increase in the pH value. In this connection it should be 
remembered that this land was in crops that were not cultivated. The only 


TABLE 3 


Hydrogen-ion concentration and lime requirement of soils from plots that have received differen 
quantities of sulfur 


MAY 17 JUNE 28 | auGusT 9 sale teat owe we AVERAGE 

SULFUR £ £ £ £ £ £ 

PLOT NUMBER TREATMENT g & g & B = 8 > B = 9 2 
Sle kl 2 le Sl Bios] Fle 8] Flee] Sled 
BE Es Es EE Bal » |8 & 

Bia | ala | ja | Bis | Sis) Bs 

lbs. lbs. lbs lbs. lbs lbs. lbs. 
1, check 0 5.6/1000} 5.6} 800} 5.8) 800) 6.3} 800) 6.2) 800)5.90) 840 
la 200 5.8} 800} 5.8) 800) 5.9} 600} 6.1) 200) 6.1} 200/5.94; 520 
2a 500 5.6} 800) 5.7} 600) 5.6)1000} 5.8/1000) 5.9} 900|5.70| 860 
3a 1000 5.6} 800} 5.0;1400) 4.8/2200 4.8|2000 4.6}3000/4 .96/1880 
4a 2000 5.6} 800) 4.8/2800) 4.1/4600 3.8/6000 3.9,6400/4 4414120 
5a 4000 5.6)1000} 4.5 2800) 3.5)7600 3.6,6600) 3 .8/6000/4. 204800 


stirring that it received after the sulfur was harrowed in, was the disking pre- 
paratory to seeding the soybeans. Had the land been in cultivated crops it 
is quite possible that the 500-pound application of sulfur might have influ- 
enced the hydrogen-ion concentration and the lime requirement to a greater 
extent. 

Likewise on a different type of soil or with a higher initial pH value the 
results might have been different. 

With soils having, in most cases, a somewhat higher initial pH value than 
the soil in question, Martin (10) found that 300 to 600 pounds of sulfur per 
acre did considerably increase the hydrogen-ion concentration of the soil solu- 
tion as compared with plots that received no sulfur. 

The 1000, 2000 and 4000-pound applications of sulfur did make very sharp 
increases in both the pH values and the lime requirement after the sulfur had 
been in the ground for about 6 weeks. 
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The principles involved in the two methods of reporting the soil reaction 
differ so widely that it is not practicable to attempt a direct comparison. 
The junior authors (2), however, have already called attention to the fact 
that an increase in hydrogen-ion concentration, as shown by the pH value, is 
usually paralleled by some increase in lime requirement. 

It is quite evident from the work reported here that a determination of 
pH values in many cases will enable one to make an approximate forecast of 
what the lime requirement will be. 

For example, in connection with the soils here considered there would 
seem to be justification for the statement that a pH value of about 5.0 to 
4.6 means a lime requirement ranging between 2000 and 3000 pounds. This 
it must be admitted is a rather wide range, but it may not be much farther 
out of the way than results secured by some of the methods now in vogue. 

The average lime requirement for the five samples of plot 2a is 860, which is 
practically the same as the average for the check plot. For 3a (1000 pounds 
of sulfur) it is 1880 pounds, for 4a, 4120 pounds, and for 5a, 4800 pounds. 
The corresponding pH values are 5.0, 4.4 and 4.2. 


NITRATE DETERMINATIONS 


The samples collected for hydrogen-ion determinations served also for 
nitrate determinations, which were likewise made at intervals of two weeks. 
In a consideration of this subject it must be remembered that nitrates are 
subject to rather wide variations during the season, depending upon several 
factors, among which may be mentioned rainfall, temperature, the growing 
crop, the quantity of decomposing organic matter that is present, and possibly 
in some cases, to soil reaction. Therefore, when the nitrate content becomes 
less in the presence of a growing crop it is not necessarily an indication that 
nitrates are not being formed, or are being leached out by percolating rain- 
water. It may simply mean that they are being utilized by the crop more 
rapidly than at some other time when a higher concentration was noted. 

In determining the nitrates the colorimetric method described by Schreiner 
and Failyer (12) was used. 

As already explained the check plots were not true checks, since no crop was 
grown on them, nor was any fertilizer used on them. An attempt was made 
to keep them bare, but at times the weeds and grass made some headway. 
For these reasons, therefore, the readings obtained from these checks cannot 
have the value of true checks, but they seem to be of sufficient worth to 
warrant their inclusion in the report. 

Between the fourth and sixteenth weeks there is indication of a consider- 
able accumulation of nitrates on these checks. After this time the concen- 
tration is rather low, with the exception of check 2 for the twenty-sixth week 
(November 4). For all the sulfur-treated plots there is a gradual downward 
trend in nitrate content until the twelfth week, when the average was less 
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than one part per million. At this time the check plots gave a reading of 
5.6 and 4.0 parts of nitrates per million. 

The rainfall at the New Jersey station for the months of June, July and 
August, 1920, was above the last preceding 10-year average for these months, 
and it might be claimed that the low nitrate content on the sulfur-treated 
plots during this period was due to the leaching out of the nitrates by perco- 
lating rain-water. Such a claim, however, does not seem logical in view of 
the rather high content of nitrates found on the check plots during these 
months. These received no nitrogenous fertilizer, and certainly if the depres- 


TABLE 4 
Nitrates (NOs) expressed as parts per million in sulfur-treated plots, 1920 

~ @ 2 ~ | a Pe : 
PLOTNUMBER | | | [+ ile2tale ele lSislaig¢ a lal 8 
S)S)E/E) E/E) 2) 2) 8) 8] 8) 8) 8 le) 
1, check 3.7) 7.5) 5.8)17.7/11.1] 5.6/14.9]10.2) 2.3) 1.4) 1.5) 2.0) 1.4 |2.6] 6.3 
2, check 3.0} 3.7) 5.9) 9.2}11.9] 4.0) 8.8) 4.4) 1.5] 1.3) 1.8) 2.1]14.1 [1.8] 5.3 
la 10.8} 4.6) 1.2) 2.0] 1.2) 1.1) 2.2) 1.9] 1.2] 1.3) 0.9) 1.2) 1.3 |2.1] 2.4 
2a 3:8} 3.5) 452) 1.8) 1.2] 1.0)'3.5| 1.8] 1:4) 1.5] 1.2] 1.1] 1.5 14.4) 2.1 
3a 3.5) 4.1) 1.0] 1.6] 1.1] 0.8} 2.3) 2.1) 2.6) 4.0) 3.3] 4.7) 2.4 15.3] 2.8 
4a 4.1) 2.4) 1.1] 1.2] 1.0} 0.9] 1.2] 1.8] 5.8] 4.4) 4.0] 5.9] 4.0 |6.6) 3.2 
Sa 6.2} 3.4) 0.9) 1.1) 1.2] 0.8) 2.0) 1.8] 4.2) 4.0) 4.4] 4.2) 4.4 |4.4] 3.1 

Average 

la-Sa..... 5.7} 3.6] 1.1] 1.5) 1.1] 0.9) 2.2) 1.9) 3.0] 3.0} 3.0) 3.4) 2.7 |4.6 
1b 4.7) 1.8) 1.1] 1.5] 1.1) 0.9) 3.3) 1.5) 1.4) 1.2) 1.2) 1.5) 1.6 |2.2) 1.8 
2b 3.4] 1.9) 1.1) 1.6) 1.1] 0.8] 2.9) 1.9) 1.0) 1.6) 1.5} 1.6) 2.4 |2.2| 1.7 
3b 2.5} 1.8] 0.8) 1.1) 0.9] 0.7) 3.3) 1.8] 2.4) 2.1) 3.0] 2.2] 1.9 13.9] 2.1 
4b 4.6) 1.9) 1.3) 1.1] 0.9] 0.8) 1.8) 1.3] 2.7) 4.4) 4.4) 2.7] 7.3 |8.8] 3.2 
Sb 4.7| 2.8) 1.3) 1.2} 0.9} 1.0) 1.8) 2.1] 2.9] 5.1) 3.1) 3.7/16.4*|2.2) 2.3 

Average 
1b-5b.....| 4.0} 2.0) 1.1) 1.3] 1.0} 0.8) 2.6) 1.7] 2.1) 3.0) 2.6) 2.3] 3.3 |4.0 


* Omitted from average. 


sion had been caused by the leaching out of the nitrates these plots should 
have shown at least as low a concentration as the sulfur-treated plots which 
did receive a nitrogenous fertilizer. 

It seems evident, therefore; that the low nitrate concentration noted on the 
sulfur-treated plots during July and August must be attributed to the removal 
of nitrates by the growing crop, for the barley (and weeds which were mixed 
with it), did make a fair growth on plots 1 to 3 of each section and some growth 
on plots 4and 5. It is of interest to note that the low point in this downward 
trend of nitrate concentration was reached near the time of harvesting the 
barley. From July 26, when the average concentration of the treated plots 
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was less than one part per million, to August 9, there was a distinct increase 
in nitrates for all plots, including the checks. This would seem to indicate a 
period of rather rapid nitrification, but the increase was no doubt due in part 
- to the fact that the soybeans (and weeds which grew with them) had not 
yet made very much growth. 

From August 9 to 24 there was a decrease in nitrate concentration on nearly 
all the plots, the average at this time being less than two parts per million. 
From August 24 to November 4, plots 1 and 2 of each section showed a fairly 
uniform concentration, the amount varying between one and two parts per 
million. During this same period plots 3 to 5, inclusive, on both sections 
showed a distinctly higher concentration. This higher concentration was 
well maintained until the last sampling on November 18, at which time the 
work was stopped on account of the difficulty of securing samples during 
freezing weather. 

This increase of nitrates on the plots that received from 1000 to 4000 pounds 
of sulfur per acre was no doubt due to the fact that they were supporting very 
little plant growth during this period. 

This gradual increase of nitrate formation under such acid conditions would 
seem to indicate that nitrification was not seriously hindered on account of 
the rather extreme acid condition of the soil. 

This is contrary to the generally accepted opinion and also to results secured 
by Hall and his associates (6), who found that nitrification was much hindered 
on permanent grass lands which were highly acid. 

On the other hand, it is in accord with results secured at the Pennsylvania 
station where Brown and MaclIntire (3) and later White (15) showed that 
frequently nitrification proceeded as rapidly on soils having a high lime 
requirement as on those having a low requirement. 

It is further corroborated by results secured by the junior authors (unpub- 
lished data) during the summer of 1920. Nitrate determinations were made 
at intervals of two weeks beginning May 29 and continuing until November 
25 on samples from field plot 11A, which has received annual dressings of 
ammonium sulfate without lime since 1908, and now has a lime requirement 
of 2500 to 3000 pounds of CaO for the plowed acre, and from field plot 11B 
which receives the same ammonium-sulfate treatment, but is limed at inter- 
vals of 5 years and is now about neutral in reaction. 

The former gave an average of 16.22 parts of nitrate per million with a 
range of 1.11 parts on August 9 and 46 parts on June 28, and the latter an aver- 
age of 6.29 parts per million and a range of 2.21 parts on June 14 and 17.68 
parts on May 29. In this connection it must be explained that plot 11B 
yielded a much larger crop than 11A, and therefore utilized more of the soil 
nitrates, but at the same time it is evident that nitrification was proceeding 
freely, for the rainfall during the period was above normal. 

Fraps (4) studied the nitrifying power of acid and non-acid soils, and found 
that some acid soils showed high nitrifying power, while others showed a low 
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nitrifying power. The work was carried out on 500 gm. of soil in percolators. 
He concluded that ‘‘acid soils nitrify slightly less, on an average, than non- 
acid soils with a low lime content. Some acid soils do not nitrify at all, or 
have a low nitrification, while other acid soils have a high nitrification.” 

Noyes and Conner (11) made nitrification studies on five typical acid soils 
and concluded that “the amount of nitrates present and the nitrifying power 
of the untreated acid soils varied with the organic matter and total nitrogen 

‘rather than with the soil acidity.” 

Hoagland (7) found as high as 100 to 3000 parts per million of nitrates (dry- 
soil basis) in peat soils which gave pH values as low as 6.0 to 4.5. 

Temple (13) added 1 gm. of tartaric acid, or its equivalent of citric acid, 
along with ammonium tartrate, to 200 gm. of soil and found that while the 
amount of nitrites and nitrates formed was not as large as in soils to which 
ammonium tartrate and calcium carbonate had been added, the amount 
formed was decided. ; 

Ames and Richmond (1) found that the oxidation of sulfur in soils not well 
supplied with bases, resulted in depressing the activites of nitrifying organisms. 


SUMMARY 


Barley and soybeans (residual crop) were grown on plots to which inocu- 
lated and uninoculated sulfur had been applied at the rate of 200, 500, 1000, 
2000 and 4000 pounds per acre. 

The barley showed fair germination on all the plots, but as the season pro- 
gressed there was evidence of injury with 1000 pounds and over of sulfur. 
Before harvest the plants on the plots that received 4000 pounds of sulfur had 
practically all been killed. 

With 200 and 500 pounds of sulfur germination and growth of the soybeans 
appeared to be about normal. With 1000 pounds and over germination was 
very materially depressed, there being very few plants on the plots that 
received 2000 and 4000 pounds of sulfur. 

Determinations of hydrogen-ion concentration and nitrates were made on 
samples of soil from all plots collected at intervals of about two weeks begin- 
ning May 17 and continuing until November 18. 

Applications of 200 and 500 pounds of sulfur did not very materially change 
the hydrogen-ion concentration throughout the season. Applications of 1000 
to 4000 pounds caused a decided increase in concentration after the fourth to 
eighth weeks. In most cases the highest concentration was reached toward 
the last of July or early in August. The minimum pH value noted was 3.5 
on plot 5a, and 3.6 on plot 5b, both of these readings being obtained August 9. 

Lime-requirement determinations were made on a limited number of the 
samples collected at intervals of about 6 weeks. From data thus obtained it 
was found that the 200 and 500-pound applications of sulfur did not mate- 
rially influence the lime requirement; the heavier applications did cause very 
decided increases in lime requirement. It was noted that in most cases an 
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increase in hydrogen-ion concentration was accompanied by an increase in 
lime requirement, but there is not a direct correlation. The work seems to 
indicate the possibility of an approximate forecasting of lime requirement 
from the hydrogen-ion concentration, though the relationship differs with 
different soils and under different treatments. 

The nitrates varied rather widely, apparently depending upon the crop 
growth. On an average they were higher on the check plots than on the 
treated plots, but in this connection it must be remembered that these check 
plots did not grow a crop, but were kept nearly free from vegetation. 

The lowest concentration of nitrates was noted near the end of July, soon 
after the barley had been harvested. 

Nitrates were found in considerable quantities in samples from those 
plots that showed the highest hydrogen-ion concentration. This seems to 
indicate rather definitely that nitrification is not necessarily inhibited by a 
highly acid condition of the soil. 
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A more exact knowledge of the soil solution is desirable for the study of 
many of the problems of soil fertility and related subjects. The purpose of 
the present investigation was to study some of the methods which have been 
used in determining the concentration and composition of the soil solution 
and to compare the results obtained by the different methods. 

The methods which have been used may be classified into groups as follows: 

(a) Methods involving extraction with comparatively large amounts of 
water. " 

(b) Methods which aim to obtain the true soil solution. . 

(c) Methods which aim to measure the concentration of the soil solution 
directly in the soil. 

The water-extraction method has been widely used and possesses many 
advantages. The greatest criticism of the method is that the addition of a 
large quantity of water alters the equilibrium in the soil. It undoubtedly has 
a solvent effect and may also cause a precipitation of some of the material in 
solution due to an alteration in the nature of the solvent. The quantity of 
salts obtained depends upon a number of factors. Mitscherlich (17) has shown 
the effect of the CO: content of the water, the time of extraction, and the 
ratio of soil to water on the quantity of material extracted. The procedure is 
arbitrary, but results obtained by several investigators indicate that the usual 
1:5 extraction gives an approximate measure of the salt content of the soil 
solution. 

Because of the lack of knowledge as to whether or not the water extraction 
gives a good quantitative measurement of the salts in the soil, there have 
been several methods proposed for obtaining the true soil solution. 

Ramann, Marz and Bauer (21) have obtained the soil solution by the use 
of a hydraulic press. They applied a pressure of about 4,000 pounds to the 
square inch. Lipman (16) also used the pressure method, applying a maxi- 
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mum pressure of 53,000 pounds to the square inch. The method is of limited 
value for it is only applicable to finer-textured soils at a rather high moisture 
content and requires a complicated apparatus. The criticism has been made 
by Northrup (19) that the application of high pressures such as were used by 
Lipman would alter the physico-chemical equilibrium in the soil and as a 
result the true soil solution would not be secured. 

The centrifuge method of Briggs and McLane (23) and the artificial root 
method of Briggs and McCall (8), in which suction is used, may give the true 
soil solution. However, these methods are only applicable to soils at high 
moisture contents and only small amounts of the solution are obtained. 

The displacement method was first used by Schloesing (22). He used water 
colored with carmine to displace the soil solution and obtained considerable 
amounts which were used for analytical purposes. Gola (9) used water as 
the displacing liquid in his studies on the concentration of the soil solution. 
Ischerekov (15) used ethyl alcohol as the displacing liquid and obtained 
results which indicate that the displaced solution is the true soil solution in an 
unaltered condition. Moist soil was packed in a glass tube which had a piece 
of linen tied over the bottom. After placing alcohol on top of the soil column 
the soil solution soon began to drop from the bottom of the tube. He reports 
results which indicate that the successive portions of the displaced solution 
are of the same composition, and that the concentration of the soil solution 
is inversely proportional to the moisture content of the soil. 

Van Suchtelen (25) modified Ischerekov’s method by using paraffin oil as 
the displacing liquid and applying suction to hasten displacement. Morgan 
(18) used a combination of the pressure and displacement methods in which 
a heavy oil was used as the displacing liquid and applied pressures of about 
500 pounds to the square inch to force the oil into the packed soil. Large 
quantities of the soil solution were thus obtained. The method is open to the 
objection that it requires a complicated apparatus and the use of a heavy 
oil makes it uncleanly. 

The writer has been unable to find any reference in the literature in which 
a comparison was made of the results obtained by the displacement and 
water-extraction methods. 

Several methods have been suggested for determining the concentration of 
the soil solution directly in the soil. Among the first of these was the meas- 
urement of the salt content by electrical conductance (10). The method is 
of some use in determinations of alkali in soils but the results are affected by 
the texture, organic matter, carbonates, and the moisture content of the soil. 
It has not proved of any great value in investigational work. 

Bouyoucos and McCool (5, 6) have advanced the freezing-point method as 
a means of determining the concentration of the soil solution directly in the 
soil, and as a means of measuring the absolute salt content of the soil (7). 
The results obtained by this method will be discussed in the latter portion of 
this paper. 
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In the present investigation a study was made of the displacement and 
freezing-point methods. ‘The results obtained by displacement are compared 
with those obtained by the freezing-point and water-extraction methods. 


THE DISPLACEMENT METHOD 


Description of the method and procedure 


The method consists of packing the moist soil in a cylinder provided with 
an outlet at the bottom. The displacing liquid is then poured on top of the 
soil column and as it penetrates the soil it displaces some of the soil solution 
which forms a zone of saturation below the displacing liquid. This zone 
increases in depth as it is continually forced downward by the pressure of the 
liquid above. When the saturated zone reaches the bottom of the soil column 
the clear soil solution, free of alcohol, drops from the soil as gravitational 
water. 

The only apparatus required is a cylinder in which to pack the soil. The 
diameter of the soil column very largely determines the rate at which the 
soil solution will be obtained. The height of the soil column likewise deter- 
mines the time required for displacement. These two factors must be con- 
sidered in the selection of the cylinder to be used. 

Three different-sized cylinders were used in the present investigation. 
Brass soil tubes 2 inches in diameter and 9 or 12 inches in depth were used in 
the preliminary work and when only small amounts of the soil solution were 
desired. Large brass soil tubes 3 inches in diameter were used for securing 
larger quantities of the solution and in studying the composition of successive 
portions of the displaced solution. These tubes were made in 6-inch sections 
and three or four sections were generally used. The bottom section was 
provided with a false screen bottom and a small outlet. Glass percolators, 
22 inches in diameter at the top and 15 inches deep, were used in most of the 
work. The bottom of the percolator was fitted with a small one-hole stopper. 
A small quantity of coarse quartz sand was placed in the percolator before 
adding the soil. 

The soil was packed in the tubes by means of a short wooden rod. No 
difficulty was experienced in obtaining uniform packing. The degree of pack- 
ing is determined by the kind of soil and its moisture content. Sandy soils 
were packed as firmly as possible at all moisture contents. Peats also may be 
packed firmly, for there is no danger of puddling the soil and rendering it 
impervious to the displacing liquid. With the heavier classes of soil care 
must be taken to prevent puddling during the packing, in which case the rate 
of displacement is exceedingly slow or entirely prevented. For this reason 
it is best to use the heavier soils at a moisture content somewhat below the 
optimum for plant growth. Under proper moisture conditions the soil should 
not stick together too readily when squeezed in the hand but should be rather 
granular and easily worked. Miami silt loam was best used at a moisture 
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content of about 20 per cent and when properly packed had an apparent 
specific gravity of 1.50 to 1.60. After a little experience one can readily 
determine the proper degree of packing for any soil at a given moisture content. 

After packing, the cylinders were placed in ring stands and the displacing 
liquid added and maintained at a depth of 2 to 3 inches. 

The time required for displacement varied widely, depending on the mois- 
ture content of the soil, the degree of packing, the soil type and the height of 
the soil column. In most cases it is possible to complete the displacement in 
12 hours if the height of the soil column is not over 12 or 14 inches. The 
displacement may be stopped at any time by removing the layer of the dis- 
placing liquid on top of the soil column. In some cases the displacement 
was started in the evening and completed the next day. When silt loam soils 
were very firmly packed it sometimes required several days to complete the 
displacement. 

In the water-extraction method the extracts were made by adding the 
desired amount of distilled water to the soil in a large mortar and stirring for 
3 minutes. After settling 12 minutes the suspension was filtered through 
Pasteur-Chamberland filters. 

In the displacement method filtration is unnecessary and total salts were 
determined by evaporating 25 cc. of the soil solution in a platinum crucible. 
In the water-extraction method larger quantities were evaporated in plat- 
inum dishes. After evaporation the crucibles and dishes were placed in an 
electric oven at 105°C. for 12 hours. The weight of the residue represented 
total salts before ignition. The crucible and contents were then ignited to 
constant weight to determine the total salts after ignition. 

Nitrates were determined colorimetrically by the phenoldisulfonic acid 
method. 

Calcium was determined volumetrically by titration of the oxalate with 
potassium permanganate. 

Freezing-point determinations were made in the usual manner with a 
Beckman thermometer. ; 


The effect of different displacing liquids on the time and percentage displacement 


Water, ethyl alcohol, and paraffin oil were the liquids employed by previous 
investigators who used the displacement method. It seemed desirable to 
try other liquids to determine which would give the most complete and rapid 
displacement. In the preliminary work it was found that liquids which were 
non-miscible with water such as benzene, kerosene, ligroin, and ethyl acetate 
would not satisfactorily displace the soil solution. These liquids passed 
through the soil in practically an unaltered condition and displaced practically 
none of the soil solution. To use these liquids it would be necessary to pack 
the soil more and use pressure, as was done by Morgan (18). 

The four liquids studied were ethyl alcohol, methyl alcohol, acetone and 
water. Miami silt loam at a moisture content of 21 per cent was packed in 
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four 3-inch brass cylinders, care being taken to obtain uniform packing. The 
degree of packing in these cylinders was not great enough to obtain the most 
complete displacement. The time which elapsed between the addition of the 
displacing liquid and the appearance of the first drop of the soil solution was 
recorded. The volume of the water in the soil being known, the percentage 
displaced was readily calculated from the volume of the solution obtained. 
In order to detect the first appearance of the displacing liquid in the soil 
solution a freezing-point determination was used. The freezing point of 
successive portions of the solution was determined. As soon as the displacing 
liquid appeared in the solution the freezing point was appreciably changed. 
The appearance of ethyl alcohol and acetone was further confirmed by quali- 
tative tests. 

Table 1 shows the effect of different liquids on the time and percentage dis- 
placement. The viscosity of the liquids also is given in the table, since vis- 
cosity is one of the main factors influencing the time and percentage displace- 
ment. The less viscous displacing liquids pass through the pore spaces of 


TABLE 1 
The time and percentage displacement of the soil solution from Miami silt loam by different 
liquids 
DISPLACING LIQUID aa ee | yey FIRST |  pISPLACEMENT 
hrs. per cent 
PGBE ORE via oie tse: cw es ¥ isin erates: otassieles ele 0.00334 Z 12.0 
Methyl ICON Ol: ais siscs:sie es ee ss seeaee 0.00591 3} 24.0 
INI soso ts soso ha ins ores os alatelawe eleieleielnror 0.01006 4 20.0 
BiG ICON ois 5c ais:dieincelsiwarsiasernnsiers 0.01190 43 36.0 


the soil more readily than do the more viscous liquids. This causes them to 
mix with a greater portion of the soil solution. 

These and similar results obtained with other soils indicate that ethyl alco- 
hol is the most satisfactory displacing liquid. It gives a more complete 
displacement than the other liquids used and it is very easy to test for its 
appearance in the displaced solution by means of the iodoform reaction. 

Water is a fairly satisfactory displacing liquid but it mixes more with the 
soil solution and does not give as complete a displacement as does ethyl alco- 
hol. If water is used some NaCl should be added making it possible to 
determine when the displacing solution appears by testing with silver nitrate. 

Acetone is not at all satisfactory for it has too low a viscosity and therefore 
passes through the soil too readily, giving a very low percentage displacement. 
Methyl alcohol possesses no marked advantage over water and is not as good 
as ethyl alcohol. 

Before ethyl alcohol was selected for subsequent work, additional experi- 
ments were made to determine the percentage displacement that would ordi- 
narily be obtained by its use. The percentage displacement depends upon 
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several factors. The higher the soil column and the more compact the soil, 
the greater will be the percentage of the soil solution displaced. A high mois- 
ture content also tends to produce a high percentage displacement. How- 
ever, these same factors determine very largely the time required for dis- 
placement, and the time element should not be made too great. 

The experiments indicated that it was practicable with most soils to obtain 
from 35 to 45 per cent of the soil solution by displacement with ethyl alcohol. 
This amount may be secured without the time element becoming very objec- 
tionable. It is possible to displace a much greater percentage than this. 
Using a silt loam soil at a moisture content of 23.3 per cent, a 75.6 per cent 
displacement was secured. Ischerekov (15) reports that with a soil at satura- 
tion it is possible to displace 95 per cent of the soil solution. 


The concentration of the soil solution obtained by the use of different displacing 
liquids 


A consideration of the mechanics of displacement leads to the conclusion 
that the soil solution obtained is in all cases really displaced by the soil solu- 


TABLE 2 
The concentration of the soil solution obtained with different displacing liquids 
TOTAL SALTS IN SOLUTION FREEZING-POINT 
DISPLACING LIQUID DEPRESSION 
Before ignition After ignition OF SOLUTION 
Dp. p. m. Dp. p.m. °C. 
Se a ee a eee 655 248 0.020 
CS i 649 246 0.019 
IMT oo oeicck esas spose 6d cmionivwines 670 232 0.029 
RM AON? 5 os ohsb sss opens sks s 660 248 0.019 


tion itself. A zone, in which the soil is saturated with the soil solution, soon 
forms immediately below the displacing liquid after it is added. After the 
formation of this zone the only function of the displacing liquid is to give 
pressure and cause a downward movement of the saturated zone. Therefore, 
the displacing liquid should not affect the concentration of the solution 
obtained. The question of the influence of the displacing liquid on the con- 
centration of the solution was studied experimentally, using the solutions 
secured from Miami silt loam by the different liquids shown in table 1. The 
results are recorded in table 2 and confirm the conclusions reached by a theo- 
retical consideration of the question. 


Composition of successive portions of the displaced solution 


In displacement the soil solution moves through the soil. The first por- 
tions move only a short distance before they drop from the soil, while the last 
portion may pass through a soil column of considerable height. The question 
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at once arises as to whether or not the movement of the soil solution through 
the soil alters its composition. If it does, successive portions of the dis- 
placed solution would not be of the same composition. If they are not of the 
same composition the method probably would be of little value. 

In a well mixed soil the solution in all portions is probably of the same 
composition. The readily soluble salts are in solution and this solution is in 
equilibrium with the surrounding solid material. As the solution is displaced 
and passes downward it comes in contact with more solution of the same com- 
position and concentration and with solid material of the same nature as that 
from which it was displaced. Therefore, the point of equilibrium should not 
change and the composition of the solution should not be altered by its pas- 


TABLE 3 


The freezing-point depression and total salts in successive portions of the soil solution from 
Miami silt loam 


FREEZING-POINT TOTAL SALTS IN SOLUTION 
PORTION DEPRESSION 
Before ignition After ignition 

C. p. p.m p. p.m. 
: pire 480* 200* 
: erm 352 168 
: nn 360 176 
pin 324 172 
9 0.076+ 
10 0.098¢ - _ 
12 0.309t - = 
ae 496* 256* 


* High results due to colloidal material. 
} High results due to alcohol in the solution. 


sage through a column of soil which has been well mixed before it is packed 
in the cylinder. Hoagland, Martin and Stewart (14) have shown that a water 
extract of a soil when concentrated and allowed to percolate through another 
portion of the same soil does not alter much in its composition. It is therefore 
probable that the composition of the true soil solution would not be changed 
in passing through a soil column. | 

If the soil solution has a solvent effect on the soil particles during its passage 
through the soil, the last portions would be more concentrated than the first. 
To determine whether or not successive portions are of the same composition, 
as indicated by a determination of the freezing point and total salts, a 3-inch 
brass cylinder was filled with Miami silt loam containing 22 per cent moisture. 
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The height of the soil column was 22 inches and 35.3 per cent of the soil solu- 
tion was obtained. During displacement, successive portions were secured 
and the freezing point determined. Then portions 1 and 2, 3 and 4, 5 and 6, 
etc., were combined and the total salts determined in these larger portions. 
Table 3 presents the results. 

The first portion contained a small amount of colloidal material which 
caused a high result for total salts in that portion. Small amounts of alcohol 
began to come through in the ninth portion, as is indicated by the freezing- 
point depression. However, the amount was so small that the total salts 
were not affected until the thirteenth portion. Then the solution became tur- 
bid due to colloidal material. 

The results show that successive portions are of the same composition. 
Results have also been obtained showing that successive portions contain the 
same amount of nitrate nitrogen. It is probable that a complete analysis of 
the successive portions would prove that they were of the same composition 
in all respects. These results agree with those obtained by Ischerekov (15) 
and Schloesing (22). Ischerekov determined total salts and Schloesing deter- 
mined nitrates. 


The concentration of the soil solution at different moisture contents 


In most soils the soil solution is very dilute. All readily soluble material 
is in solution even at low moisture contents. The solution is only saturated 
in respect to those minerals which are comparatively insoluble and have a 
low rate of solubility. Therefore, the addition of a small amount of water 
should not bring a very appreciable amount of material in solution. That 
soils are very insoluble and have a low rate of solubility has been shown by 
the work of Bouyoucos (2), in using the freezing-point method. That being 
the case, the concentration of the soil solution should be approximately 
inversely proportional to the moisture content of the soil. The displacement 
method is well adapted to such a study, for it can be used at a wide range of 
moisture contents. If the concentration of the soil solution obtained from a 
soil at different moisture contents is inversely proportional to the moisture 
content, it affords further proof that the method gives the true soil solution. 

The relation of the moisture content and the concentration of the soil solu- 
tion was studied in three soils. The soils had been in the greenhouse in a 
moist condition several weeks. Portions of the moist soil were weighed out; 
to some portions water was added to give the desired moisture content while 
others were allowed to dry to lower the moisture contents. Before packing 
in the percolators all portions except those at the higher moisture contents 
were passed through a coarse screen to insure thorough mixing. Displace- 
ment was started as soon after the addition of water as possible, usually within 
4 to 6 hours. 

Tables 4, 5 and 6 give the results obtained with Plainfield sand, Miami 
silt loam and Carrington silt loam. If the concentration is inversely propor- 
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tional to the moisture content, the freezing-point depression of the solution 
multiplied by the moisture content of the soil will give a constant (D:M = 
K). Also the parts per million of total salts in the dry soil will be a constant. 


TABLE 4 


The freezing-point depression of the soil solution and the total salts in Plainfield sand at varying 
moisture contents 


FREEZING-POINT TOTAL SALTS IN SOIL 
MOISTURE CONTENT DEPRESSION K (D.M=K) 
a a Before ignition After ignition 
per cent C. d. p.m. Dp. dD. m. 
4.25 0.045 0.191 62 13.1 
6.31 0.030 0.189 45 1557 
8.30 0.022 0.182 - 57 12.9 
10.70 0.018 0.192 50 14.7 
12.40 0.014 0.173 49 14.1 
15.00 0.013 0.195 54 15:1 
TABLE 5 


The freezing-point depression of the soil solution and the total salts in Miami silt loam at varying 
moisture contents 


FREEZING-POINT TOTAL SALTS IN SOIL 
MOISTURE CONTENT DEPRESSION K (D.M=) 
Oh eUnUaaee Before ignition After ignition 
per cent ge oH bp. p.m. Dd. p.m. 
10.30 0.039 0.401 116.8 44.4 
13.55 0.030 0.406 116.1 47.1 
47.25 0.022 0.379— 104.3 43.4 
20.62 0.018 0.371 108.9 44.8 
29.41 0.013 0.382 
34.05 0.012 0.408 
TABLE 6 


The freezing-point depression of the soil solution and the total salts in Carrington silt loam a! 
varying moisture contents 


FREEZING-POINT TOTAL SALTS IN SOIL 
MOISTURE CONTENT DEPRESSION K (M.D=K) 
pelle A | Before ignition After ignition 
per cent °C. p. p.m. Dp. p. m. 
8.77 0.100 0.877 275 94.0 
11.80 0.071 0.837 253 92.3 
13.95 0.067 0.934 253 94.2 
16.00 0.045 0.720 232 95.3 
18.55 0.043 0.797 253 96.0 


The results show that within experimental error K and the parts per mil- 
lion of total salts are constants. Assuming that the concentration of the 
soil solution is inversely proportional to the moisture content, as is undoubt- 
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edly very nearly the case, these results indicate that the true soil solution is 
obtained. Ischerekov (15) preformed a similar experiment and obtained 
results of the same order. 


A comparision of results obtained by displacement and water extraction 


In a study of any method it is desirable to compare results obtained by its 
use with those obtained by other methods. The water extraction method is 
the one most generally used in studying the soluble salt content of soils. It 
was therefore used as a means of further studying the results obtained by the 
displacement method. The two methods can not be expected to give the 
same results in all cases but the result should be of the same general order. 

All nitrates are readily soluble and undoubtedly a very nearly correct 
quantitative determination of the nitrate nitrogen in the soil solution is 


TABLE 7 
Nitrate nitrogen in the dry soil as determined by the water-extraction and displacement methods 


NITRATE NITROGEN IN THE DRY SCIL 
SOIL NUMBER 
Displacement method Water extraction 
dD. p. m. dD. p.m. 
1 4.5 4.0 
2 54.6 52.0 
3 31.0 34.0 
+ 103.3 100.0 
5 BS.2 50.0 
6 63.3 60.0 
7 i¥:.3 20.0 
8 38.0 36.0 
9 2.4 2.8 
10 6.9 6.4 


secured by the usual 1.5 water extraction. Since all of the nitrates are prob- 
ably in the soil solution before the addition of water, it should be possible to 
obtain the same results for nitrates in the soil by using the two methods. 
The results obtained with the two methods on a number of soils from differ- 
ent field plots and the greenhouse are given in table 7. 

The two methods, within experimental error, give the same result for 
nitrate nitrogen in the soils. We may therefore conclude that the displaced 
solution is of the same nitrate concentration as the solution in the soil. It is 
also evident that the solution is of the same concentration as the soil solution 
remaining in the soil. If this were not the case the results for nitrates would 
not agree. Probably the only difference between the displaced solution and 
the same solution as it existed in the soil, is that when in the soil it was under 
the influence of a physical force, adhesion, which held it to the soil particles. 

A further comparison of the two methods was made by using Miamiand 
Carrington silt loam and determining the total salts and calcium. The water- 
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extraction method cannot be expected to give exactly the same results for 
total salts and calcium as the displacement method, since the addition of 
a very large amount of water undoubtedly affects to some extent the amount 
of material in solution. As several investigators (17, 24) have shown, the 
results obtained by water extraction depend largely upon the ratio of soil to 
water. Therefore, it seemed desirable to use varying ratios of soil to water 
in the present case. The results are given in tables 8 and 9. 

In both soils the displacement method gave higher results for total salts 
than either the 1:1 or 1:2 water extraction. Evidently the addition of these 


TABLE 8 


Total salts and calcium in Miami silt loam obtained by water extraction and displacement 


AMOUNT IN THE DRY SOIL 
METHOD USED . eer Total salt 
t: t: a Ss ° 

nalase lerition Pe ignition Calcium 

dD. p. mM. Dp. Dp. Mm. Dp. p. Mm. 

Displacement soi:s5.5s 0 005daccceiaewises 261 100 35.6 

AS NORABACEIONG .<:cie's acs: 1os coe eile aide 211 83 2h% 

SE Rr. 4 (0) | a 234 94 30.4 

MO FERETACEION bo. ca 6:0 620. 0ea/einivic wie eiere si 311 109 38.6 

US AOCROACHOR | 5 iss esaulsde encase Jas 377 145 60.8 
TABLE 9 

Total salts and calcium in Carrington silt loam as determined by water extraction and 
displacement 
AMOUNT IN THE DRY SOIL 
METHOD USED - re T 1 It 
t t t . 

pa be ignition fF - iouitien Calcium 

| Dp. p.m. Dp. p. m. dp. dD. mM 

PISDIACEMENES 5:0 oi5 5:0" a asiessioberors ones 551 209 53.9 

DS mORUPACEIOR:.(.\0.5.52su.6 4-0 alee es 450 173 63.4 

oD RAUPREEIOINS «5 0s. x onseicinsie oeacswicles 470 199 64.2 

DS ONCRATACUION Ga. <:o,4i0 «3°so-sislne ceisie reals 582 238 (ee 

PS AO ORULACHOR 6 soci 2/6 «creas as wees <tore 646 277 78.5 


amounts of water to the soils caused a greater removal of soluble material 
from solution than was brought into solution by the solvent action of the 
water. This removal of material from solution is probably caused largely 
by precipitation due to the change in the nature of the solvent. When larger 
quantities of water were used the solvent action was greater than the precipi-— 
tating effect. The point of balance of these factors will probably vary in 
different soils. It is probable that on some soils a 1:1 water extraction would 
give higher results than the displacement method. In the two soils studied 
the 1:5 water extraction gave approximately the same result for total salts 
as the displacement method. 
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More calcium was obtained from Miami silt loam by displacement than by 
a 1:1 or 1:2 water extraction, but this relation does not hold in the case of 
the Carrington silt loam. ‘This difference is probably due to the calcium 
being present in different forms in the two soils. The Miami silt loam used 
was only very slightly acid, while the Carrington silt loam was strongly acid. 
Some results obtained with phosphorus on these two soils indicate that the 
phosphorus content of the soil solution is much lower than would be indi- 
cated by the usual water extraction. 

The results indicate that the displacement method gives the true soil solu- 
tion. Further studies of this character should give considerable information 
regarding the value of the water-extraction method for determining the 


TABLE 10 
Total salis and nitrate nitrogen in different soils obtained by the water-extraction and displacement 
methods 
NOs NITROGEN TOTAL SALTS IN THE DRY SOIL 
KIND OF SOIL Before ignition After ignition 
—— Extraction] — 2 
— Extraction — Extraction 
Dd. p. m. Dd. db. m. p. p. m. pb. p.m. p. p.m. d. p.m. 
DIRE PORE sess ce cscecaccasss.] VOID] BAO] FAs} 11,374 2,530 | 3,965 
CS, Si ee ee 745.0 | 690.0} 8,940 7,497 3,233 | 2,618 
RRR ANON So icine suis’ s wiser fae 11:5 747 796 252 281 
RRNODNAR 6 ons cde saan Ree 29.4 301 370 87 121 
a 22.4 18.7 275 205 75 60 
Te 2 a rr 61.2 57.0 1,512 1,400 348 325 
Oe 8 a 9.7 10.8 161 223 57 124 
CO OO 71.0 79.8 648 732 222 256 
Carrington silt loam............. 54.5 48.3 512 506 173 168 
Waukesha silt loam............. 30.4 30.4 340 462 119 186 


soluble material in a soil. Before final conclusions can be made regarding 
the value of the water-extraction method as compared with displacement 
further investigations will be necessary. These should include determina- 
tions of the phosphorus, potassium, calcium and magnesium in a large number 
of soils by the two methods. 

A further comparison of the two methods was made on ten soils by using 
the 1:5 water extraction on all except the peats. A 1:10 extract was made 
with the acid peat and a 1:7.5 extract with the neutral peat. The results are 
shown in table 10 and confirm the conclusions drawn from the preceding data. 
With some soils the displacement method gave higher results for total salts, 
while with other soils the water extraction gave the higher results. The 
results for nitrate nitrogen are the same, within experimental error. 
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Discussion of the displacement method 


The results obtained seem to prove that the displacement method gives 
the true soil solution. It can be used on all soil classes and at a wide range 
of moisture contents. By using a long soil column small amounts of the soil 
solution have been obtained from Carrington silt loam at a moisture content 
of only 6 per cent. The moisture content at which heavy soils can be most 
conveniently worked is slightly below the optimum for plant growth. 

The method has several distinct advantages over other methods which are 
being used. One of its greatest advantages over the oil pressure method (18) 
is its simplicity and the fact that it does not require special apparatus. Ordi- 
nary glass percolators were entirely satisfactory for most of the work. If it 
is desirable to reduce the amount of alcohol required the displacement may be 
started with 200 or 300 cc. of alcohol and after this has penetrated the soil, 
water may be added to complete the displacement. 

The greatest advantage it has over water extracts is that it gives a more 
correct measure of the material in solution. In addition, the solution obtained 
is about twenty times as concentrated as the water extract. This greatly 
reduces the time required for evaporation in all determinations. Five cubic 
centimeters was generally sufficient for a colorimetric nitrate determination 
and 25 cc. for a total salt determination. 

The two main disadvantages of the method are the time required for dis- 
placement and the necessity of using a larger soil sample than is required by 
the water-extraction method. The time factor is best controlled by experi- 
ence and care in packing the soil. About five times as much soil must be 
used as is required for water extraction. 

The method seems to deserve much greater attention than it has received 
in the past. By its use considerable information may be obtained regarding 
the concentration, composition, and reaction of the true soil solution. It 
may also afford information that may be of value in studying results which 
have been obtained by water extraction and other methods. 

Results obtained with the displacement method indicate that at ordinary 
moisture contents the concentration of the soil solution is inversely propor- 
tional to the moisture content of the soil. This does not agree with the con- 
clusions which Bouyoucos and McCool made from results obtained with the 
freezing-point method. A study of the freezing-point method was therefore 
made to determine the cause of this disagreement. 


THE FREEZING-POINT METHOD 


The freezing-point method as a means of determining the concentration 
of the soil solution directly in the soil was first used by Bouyoucos and McCool 
(5, 6). It has since been used by Hoagland (13) in studying changes in the 
salt content of soils due to seasons and cropping. He compared results 
obtained by this method with those of Stewart (24) who used the water- 


222 F. W. PARKER 


extraction method. The two methods gave the same general indications 
regarding the changes which took place in the salt content of the soils, but 
the water-extraction method gave from 1.5 to 5 times as much total salts as 
was indicated by the freezing-point method to be actually in the soil solution. 

The freezing-point method as a means of measuring the concentration of 
the soil solution in the soil is based upon the principle that material in solu- 
tion causes a depression of the freezing point of the solvent. The assumption 
was made that the finely divided material of the soil does not affect the freez- 
ing-point of the soil solution. 

In determinations of the freezing-point depressions of soils at varying mois- 
ture contents, Bouyoucos and McCool (6) obtained results which, contrary to 
what would be expected, indicate that the concentration of the soil solution 
is not inversely proportional to the moisture content of the soil. The lower- 
ing of the freezing point of soils was found to increase approximately in geo- 
metric progression as the moisture content decreased in arithmetric progres- 
sion. This was explained by the following hypothesis: 


The hypothesis assumes that a portion of the water found in the soils is inactive and does 
not take part in dissolving the salts in the soil, and is removed from the field of action as 
far as the lowering of the freezing point is concerned. Under this assumption the increase 
of the freezing-point depression is a geometric progression as the percentage of water increases 
in an arithmetic progression is explained as follows: If a clay soil, for instance, causes 15 
per cent of water to become inactive, and this clay at 39 per cent of moisture produces a 
lowering of the freezing point of 0.075°C. and at 22 per cent 0.987°C., then at the former 
moisture content there is 24 per cent of water free or available to dissolve the salts in the soil, 
while at the latter water content there is only 7 per cent available for the same! purpose. It 
would be natural, therefore, that the depression of the freezing point would be many times 
greater at the low moisture content than at the high, than would be expected from the dif- 
ference in the total moisture content, just as the experimental data really indicate. 

This hypothesis also assumes (and the assumption seems to have been proved) that the 
percentage of inactive water is greater at the low than at the high moisture content and 
tends to decrease from the former to the latter. i 


Results obtained with the displacement method indicate that all of the 
water in the soil acts as a solvent and that there must be another explanation 
of the results obtained with the freezing-point method. 


The concentration of the soil solution at varying moisture contents as determined 
by the freezing-point and displacement methods 


It has already been shown in tables 4, 5, and 6 that, as determined by the 
displacement method, the concentration of the soil solution is inversely pro- 
portional to the moisture content of the soil. Freezing-point determinations 
were made at the same time on these soils. Having determined the freezing- 
point depression of the soil and of the displaced solution, the value for K can 
be calculated for both, using the equation M.D = K. In each case M is the 
moisture content of the soil and D is the freezing-point depression of the 
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soil or the displaced soil solution. If the concentration of the soil solution is 
inversely proportional to the moisture content K should be a constant. If K 
_ is not a constant it indicates that the concentration of the soil solution is not 

inversely proportional to the moisture content or that there is another factor 
influencing the freezing-point depression. The value of K for the displaced 
solution and the soil should be the same if the freezing-point depression in 
both cases.is caused entirely by the salts in the soil solution. If the values 
for K are not the same it indicates that there are other factors affecting the 
freezing-point depression of the soil. The results obtained with Miami silt 
loam are given in table 11. Results similar to those given were obtained with 
Plainfield sand and Carrington silt loam. 

The data show that the two methods give an entirely different indication 
of the concentration of the soil solution, particularly at the lower moisture con- 
tents, if it is assumed that the depression is due entirely to material in solution. 
At a moisture content of 10.30 per cent the freezing-point depression of the soil 


TABLE 11 


The freezing-point depression of Miami silt loam and the displaced soil solution at different 
moisture contents 


FREEZING-POINT FREEZING-POINT 
MOISTURE CONTENT DEPRESSION DEPRESSION K For sort K FoR SOLUTION 
OF SOIL OF SOLUTION 
per cent ig OF oes 
10.30 0.460 0.039 4.738 0.401 
13.39 0.257 0.030 3.482 0.406 
17.25 0.100 0.022 1725 0.379 
20.62 0.057 0.018 1.175 0.371 
29.41 0.028 0.013 0.676 0.382 
34.05 0.016 0.012 0.544 0.408 


indicates a concentration almost twelve times as great as is indicated by the 
freezing-point depression of the displaced soil solution. At the highest moisture 
content the two methods give nearly the same result. There are two possible 
explanations for the results obtained, viz., (a) the inactive or unfree water,? 
which is not supposed to act as a solvent, may be displaced and dilute the 
other portion of the soil solution; (b) the soil may not cause water to become 
inactive as a solvent but the finely divided solid material of the soil may 
cause a depression of the freezing point in addition to that caused by materials 
in solution. 

The first explanation is plausible in that it is possible to displace small 
amounts of the soil solution at such low moisture contents that there would - 
probably be no free water present. However, with this explanation it would 
be necessary to assume that unfree water is free to move capillarily. In fact, 
this assumption is necessary if the displacement method gives a true aliquot 


2In this paper the terms free and unfree or inactive water are used with the meanings 
attached to them by Bouvoucos and McCool (6), and by Bouyoucos (3). 
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of the soil solution. It does not seem probable that a portion of the water 
would be unable to act as a solvent and at the same time be capable of capil- 
lary movement. Therefore, the second explanation may be more nearly 
correct than the first, as is further indicated in the following. 

It is well known that colloidal solutions have the same freezing point as 
pure water. However, such determinations are not comparable to determina- 
tions of the freezing-point depressions of soils in which the amount of liquid 
present is reduced until it is all in the capillary or film condition. Ina review 
of the literature, the writer did not find any investigations in which a deliber- 
ate study was made of the effect of finely divided material on the freezing 
point when the amount of liquid was so reduced. Foote and Saxton (11, 12) 
however, in studying the forms of water in certain hydrogels by the dilatom- 
eter method, recognized that the hydrogels caused a depression of the 
freezing point of the capillary water. (They defined capillary water as that 
water which would not freeze at 0°C., but could be frozen at lower tempera- 
tures.) Van Bemmelen and other investigators (27) have shown that water 
in hydrogels has a low vapor pressure. Zsigmondy, Bachmann, and Steven- 
son (26) have shown that the same is true for alcohol and benzene in alcogels 
and benzolgels. If the vapor pressure of a liquid is lowered, its freezing point 
also is lowered. It therefore seemed probable that the solid material of the 
soil may cause a depression of the freezing point of the soil solution. The 
results shown in table 11 indicate that this is the case. In order to obtain 
more conclusive data on the question, a study was made of the effect of finely 
divided materials on the freezing point of water, benzene and nitrobenzene. 
A portion of the results are presented here, but for a more detailed discussion 
of the procedure and results the reader is referred to another article (20). 

In order to study the effect of finely divided materials upon the freezing 
point of liquids it is desirable to have the solid material as free as possible of 
substances soluble in the liquids. The materials used fulfilled this require- 
ment very well, as is indicated by the freezing-point depressions at the high- 
est moisture contents. 

The Fe(OH); was prepared by precipitation with NH,OH from a cold 
dilute solution of the chloride. It was washed free of chlorides, air-dried and 
ground to pass a 200-mesh screen. The percentage of water in the Fe(OH); 
is expressed on the air-dry basis. In all other cases the percentage of liquid 
is expressed on the oven-dry basis. 

Baker’s C. P. AlOz was used. It contained some material soluble in water 
but nothing soluble in benzene or nitrobenzene. 


The freezing-point depression of water in finely divided material 


The freezing-point depression of water in Fe(OH); and Carrington silt loam 
was determined at varying moisture contents. The results are shown in 
table 12. 
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The results indicate a considerable depression due to the solid material. 
The effect due to soluble material was probably small, especially in the case 
of the Fe(OH)s, since this material gave a depression of only 0.004°C. at a 
moisture content of 100 per cent. In order to explain the results obtained 
with Fe(OH); by the hypothesis that it rendered part of the water unfree, 
it would be necessary to assume that at a moisture content of 15 per cent 
14.85 per cent of water was unfree and only 0.15 per cent of water was acting 
as a solvent as is indicated by the following calculations. Solving for K in 
the equation M.D = K when M is 100 and D is 0.004°C., the value of K is 
0.400. Taking this value for K and solving for M when the freezing-point 
depression is 2.668°C. one obtains 0.15 as the value of M. In this case M is 
the percentage of water which would be acting as a solvent at the moisture 
content at which a depression of 2.668°C. is secured. The inactive water 
would be obtained by difference and found to be 14.85 per cent. A similar 


TABLE 12 


The freezing-point depression of water in Fe(OH)3 and in Carrington silt loam at varying 
moisture contents 


Fe (OH); CARRINGTON SILT LOAM 
Moisture content Freezing-point depression Moisture content Freezing-point depression 
per cent "S. per cent bs 

15.0 2.668 9.0 1.622 
17-5 1.651 1S 0.585 
20.0 0.393 14.0 0.315 
22:5 0.177 16.5 0.213 
25.0 0.086 2105 0.113 
SY fae 0.016 26.5 0.062 
50.0 0.009 31.5 0.030 
100.0 0.004 46.5 0.021 


calculation for the soil shows that at a moisture content of 9.0 per cent it 
would be necessary to assume that only 0.60 per cent water was free and that 
8.40 per cent was unfree. 


The freezing-point depression of benzene and nitro-benzene in Al,03 and Carring- 
ton silt loam 


The use of organic liquids in which most inorganic salts are insoluble makes 
it possible to eliminate entirely the depression due to soluble materials. Ben- 
zene and nitrobenzene were chosen because they are readily obtained and — 
freeze at a convenient working temperature. The results obtained with these 
liquids in Carrington silt loam and aluminium oxide are given in tables 13 
and 14. 

The results are of the same order as was obtained with the same solid 
material and water. Since there is no material in solution it seems that the 
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only possible explanation of the results is that the solid material causes a 
depression of the freezing point of the liquids when they are in the film or 
capillary condition, but does not affect their freezing point at contents above 
saturation. If this is the correct explanation for the results obtained with 
these liquids it is undoubtedly the explanation for the results obtained with 
soils. It may therefore be concluded that at ordinary moisture contents the 
freezing-point depression of the soil solution in the soil is caused by two fac- 
tors, the material in solution, and the finely divided solid material of the soil. 


TABLE 13 


The freezing-point depression of benzene in Carrington silt loam and aluminium oxide 


CARRINGTON SILT LOAM ALUMINIUM OXIDE 
Benzene Freezing-point depression Benzene Freezing-point depression 
per cent Gi. per cent 4 on 
5.0 0.660 30.0 1.337 
735 0.355 35.0 0.682 
10.0 0.150 40.0 0.492 
12.5 0.060 45.0 0.326 
15.0 0.033 50.0 0.212 
20.0 0.025 55.0 0.115 
25.0 0.010 65.0 0.052 
37.5 0.000 75.0 0.030 
100.0 0.000 
TABLE 14 


The freezing-point depression of nitrobenzene in Carrington silt loam and aluminium oxide 


CARRINGTON SILT LOAM ALUMINIUM OXIDE 
Nitrobenzene Freezing-point depression Nitrobenzene Freezing-point depression 

per cent G. per cent “C. 

12.5 1.630 50.0 1.720 
15.0 1.200 60.0 1.475 
17:5 0.780 70.0 0.810 
20.0 0.510 80.0 0.580 
25.0 0.230 90.0 0.340 
30.0 0.130 100.0 0.200: 
37.5 0.075 150.0 0.020 
50.0 0.000 | 200.0 0.000 


The relation between the freezing-point depression due to solid material and that 
due to material in solution 


In order to determine whether or not the depression due to solid material 
and that due to material in solution are additive in their effect on the freezing 
point, samples of aluminium oxide were moistened with water and other 
samples were moistened with a sugar solution which had a freezing-point 
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depression of 0.126°C. A sugar solution was used because there is no possi- 
bility of a chemical reaction between the sugar and aluminium oxide. If the 
two factors are additive the difference between the freezing-point depressions 
at any moisture content should be 0.126°C., the depression due to sugar. 
Adsorption may influence the results tosome extent. The differences obtained 
are given in the last column of table 15. 

These results and others obtained when sugar solutions and a Ca(NOs)2 
solution were used in soils, kaolin, silica and ferric hydroxide, prove that the 
two factors are very nearly additive in their effect on the freezing point. The 
differences found at the three lower moisture contents are easily within the 
limit of experimental error, which is quite large at low moisture contents. 
The presence of sugar did not affect the general order of results. 

The results afford further evidence that the great increase in the freezing- 
point depression at the lower moisture contents is not due to part of the water 
being withdrawn from the réle of a solvent by the solid material. If the 


TABLE 15 


The freezing-point depression of water and a sugar solution in aluminium oxide at different 
moisture contents 


worsrune coNTENT | pupgiMetZINGTOTNT og | DEDERSGIOW WITH DEPRESSION DUE 70 

per cent is Os “6: "C. 

25.0 2.118 2.290 0.172 
30.0 1.227 1.312 0.075 
35.0 0.650 0.740 0.090 
40.0 0.370 0.500 0.130 
50.0 0.220 0.344 0.124 
75.0 0.075 0.195 0.120 
100.0 0.053 0.173 0.120 


aluminium oxide had rendered any of the water unfree the solution would 
have been greatly concentrated at the lower moisture contents and the depres- 
sion due to the sugar would have been many times that shown in the table. 
The depression of the freezing point of water at 25 per cent was forty times 
as great as at 100 per cent. If this had been caused by part of the water 
being withdrawn from the réle of a solvent, and the same amount had been 
withdrawn when the sugar solution was added, the depression of the sugar 
solution at 25 per cent would have been 6.920°C. instead of 2.290°C. The 
depression due to the sugar alone at this moisture content would have been 
4.802°C. instead of only 0.172°C., the experimental value. 


The freezing-point depression of soils at their moisture equivalent 


The freezing-point depression of soils at medium to low moisture contents 
is caused in large part by the solid material. The force which holds the water 
» on the soil particles probably causes the freezing-point depression. If a num- 
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ber of soils are subjected to the same centrifugal force, and come to an equilib- 
rium with this force, they will retain different percentages of water. These 
different percentages of water which are retained will be held with equal 
forces in the different soils. Since this same force probably causes the freez- 
ing-point depression, it should be possible to reduce all soils to the same 
freezing-point depression, after the removal of soluble salts, by subjecting 
them to the same centrifugal force. 

In a determination of the moisture equivalent of soils the soil is subjected 
to a centrifugal force of 1000 times gravity. The moisture content after cen- 
trifuging is that at which the force of attraction between the soil and water is 
equal to this centrifugal force. In this manner the force holding water in 
different soils may be brought to a uniform value. Therefore the freezing- 
point depression of the soils, due to solid material, should be equal at the 
moisture contents represented by their moisture equivalents. 


TABLE 16 


The freezing-point depression of washed soils at their moisture equivalent 


som =. 

Oe 
SSR SRIR COIN: oss cna 6 okies Seis ine ee ov ee uo eles 2iS/ 0.055 
PE NEON 255i 5s hase nbaw ou moaWicekeee saneseeees 25.40 0.057 
PI Eee sn k6s pe aeunleoles ds onenesiune 16.39 0.053 
ERM eis ciicuwin GS ce Cele Sse p weiss Saou en ass 21.84 0.061 
SEU Gi wences bb 4654 se Se Wiehe ener one oe 4.73 0.076 
RAMEE MONI oi aa icc asa nc esses» eS eeu awe» wees 26.47 0.052 
MT ABEY MOMENI sche Kes Ges akabichalws bee Geyekuls 33.29 0.061 
Ee Oa ee 12.49 0.057 
PURE ELGG Lieb osbb ah oo desc hriedeeesesns pepe aeesaes 111.60 0.061 
MMMM Swe os un desu cbawng oe us fhse ages ben denawavan’s 38.12 0.046 
PMMMIT SOL c oes at pk Lac araln saabac an mon wian en hele 19.14 0.057 
FAMILIA ORME 5 65h wisn 6 sess bio shotes op bs SeNeweusane 21.56 0.043 


In order to determine the freezing-point depression due to solid material it 
is necessary to remove the soluble material as far as possible. One-hundred- 
gram samples of different soils, silica, kaolin and aluminium oxide were washed 
with 1200 to 1500 cc. of distilled water to remove soluble salts. The samples 
were then dried in an electric oven at 105°C. The moisture equivalent was 
determined in the usual manner. After centrifuging the freezing-point deter- 
minations were made on the soils. The speed of the centrifuge was slightly 
less than that which gives a force of 1000 times gravity. This caused slightly 
high results for the moisture equivalent and hence low results for the freezing- 
point depression, due to solid material, at the true moisture equivalent. There 
were undoubtedly several sources of error, such as the incomplete removal of 
the soluble material, puddling in making the determination of the moisture 
equivalent, and evaporation in transferring the soil from the moisture cups 
to the freezing-point tubes. The results are shown in table 16. 
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The results indicate that at the moisture equivalent the depression of the 
freezing point due to solid material is very nearly the same in different soils 
and certain artificial materials. This can be explained only by the assump- 
tion that the same force which retains the moisture causes the freezing-point 
depression. The values are not exactly the same but are within experimental 
error. The low values for kaolin and aluminium oxide are probably due to 
the fact that these materials pack very tightly in the centrifuge preventing 
the water from being readily thrown out. The high result for the Plainfield 
sand may be due to the extreme readiness with which the water is removed 
from such a coarse soil. 

The results indicate that the freezing-point method could be used to deter- 
mine the salt content of soils at their moisture equivalent. At the moisture 
equivalent the depression, due to solid material is probably a constant, about 
0.050°C. By determining the freezing-point depression of a soil at its mois- 
ture equivalent and subtracting this constant, the freezing-point depression 
due to soluble material would be obtained. In using such a procedure great 
care should be taken that the true moisture equivalent is used in all cases, for 
a slight error in the moisture content would decidedly affect the freezing- 
point depression due to solid material. This procedure is rather long, so it is 
doubtful if it would be of much value. If the freezing-point method is used 
it would be more convenient and probably more accurate to make the deter- 
minations at moisture contents above saturation, entirely eliminating the 
depression caused by the solid material. 


Discussion of the freezing-point method 


The freezing-point method does not give a measure of the concentration of 
the soil solution in the soil at ordinary moisture contents, for it has been 
shown that finely divided material causes a depression of the freezing point 
of a liquid in the film or capillary condition. The force holding the liquid on 
the solid material and causing the freezing-point depression is adhesion. 
When the amount of water in the soil is increased a point is reached at which 
some of the soil solution is so distant that this force no longer affects its freez- 
ing point. This point is probably the point of saturation. Probably at any 
moisture content below saturation the solid material causes a depression of 
the freezing point of the soil solution. At moisture contents above saturation 
the depression becomes due entirely to material in solution. 

The freezing-point method has been used by Bouyoucos and his associates 
to determine the lime requirement of soils (1), the velocity of reactions between 
soils and chemical reagents (4), the solubility of soils (2), and the absolute 
salt content of soils (7). In these investigations the moisture content was 
always very high, varying from 66 to several hundred per cent. At those 
moisture contents the depression is due entirely to materials in solution and 
the method gives a satisfactory measure of the soluble material present. It 
is well adapted to such studies and used under these conditions has given 
valuable results. 
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SUMMARY 


It is desirable in studying problems of soil fertility, plant nutrition and 
related subjects to have a method with which the true soil solution may be 
obtained from a soil at ordinary moisture contents in sufficient quantities for 
analytical work. In a review of the literature it was found that Ischerekov 
(15), using the displacement method, obtained results which indicate that the 
method gives the true soil solution in quantities sufficient for most purposes. 
Hence it seemed desirable to make a study of the method and compare it 
with other methods which are now being used in studying the concentration 
and composition of the soil solution. 

The method consists of packing the moist soil in a cylinder provided with 
an outlet at the bottom. Ethyl alcohol is then poured on top of the soil 
column and as it penetrates the soil it displaces some of the soil solution 
which forms a zone of saturation below the alcohol. This zone increases in 
depth as it is continually forced downward by the alcohol. When the satu- 
rated zone reaches the bottom of the soil column the clear soil solution, free 
of alcohol, drops from the soil as gravitational water. 

A study was made of the effect of different displacing liquids on the time 
required for displacement, the percentage of the soil solution displaced and 
the composition of the displaced solution. The concentration of successive 
portions of the displaced soil solution was determined and also the concen- 
tration of the soil solution obtained from the soils at different moisture con- 
tents. The amount of total salts, nitrates, and calcium obtained from the 
soil.by displacement was compared with the amount secured from the soil by 
water extraction. 

Results obtained with the displacement method did not agree with the 
conclusions of Bouyoucos and McCool (6), drawn from a study of the freez- 
ing-point depressions of soils, with regard to the concentration of the soil 
solution at different moisture contents and the forms of water in the soil. 
Therefore a study was made of the freezing-point method and factors affect- 
ing the freezing-point depression of the soil solution in the soil. The effect of 
finely divided material on the freezing point of water, benzene and nitroben- 
zene was studied. A summary of the results and conclusions is given below. 

(a) Ethyl alcohol was found to be more satisfactory as a displacing liquid 
than water, methyl alcohol, acetone, or liquids non-miscible with water. 

(b) The composition of the soil solution obtained by displacement was not 
influenced by the displacing liquid used. 

(c) Successive portions of the displaced solution gave the same freezing- 
point depression and contained the same amount of total salts. 

(d) The concentration of the displaced solution was found to be inversely 
proportional to the moisture content of the soil. 

(e) The displacement method gave the same amount of nitrate nitrogen 
and approximately the same amount of total salts as a 1:5 water extraction 
of the soil. 
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(f) The method seems to be well adapted to a study of the composition and 
reaction of the soil solution under any condition. 

(g) Finely divided material was found to cause a depression of the freezing 
point of water, benzene, and nitrobenzene when the amount of liquid was 
reduced until it was in the film or capillary condition. 

(h) The freezing-point method does not give a measure of the concentration 
of the soil solution directly in the soil at ordinary moisture contents of the 
soil. 

(i) At high moisture contents, probably only above saturation, the freez- 
ing-point method gives a measure of the concentration of the soil solution. 

(j) The freezing-point depression due to solid material at the moisture 
equivalent was found to be very nearly a constant for a number of soils. 

(k) A soil does not cause a considerable amount of water to be removed 
from the role of a solvent, as has sometimes been assumed. 

A subsequent article will be devoted to the classification of the soil moisture 
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INTRODUCTION 


In the wheat country of Eastern Washington, the addition of straw is 
practically the only method, under the present practices of farming, of return- 
ing humus to the soil. It is a common observation that the addition of wheat 
straw to the soil decreases the following crop yield. The practice of burning 
wheat stubble on the farm is common, but such procedure is detrimental to 
permanent agriculture. It is therefore important to determine why the 
addition of straw to the soil does cause a decrease in the following crop yield 
and whether any practice will overcome the loss. It was with this purpose 
in view that the work was taken up. 


HISTORICAL 


The following discussion refers to the work that has been done on the 
effect of straw and allied materials upon soils under various conditions. 

Stérmer (10) showed that in a series of pot experiments on heavy and 
light soils, the addition of straw to green manure reduced the efficiency of the 
nitrogen in the green manure. The second year the results were better. 
Straw alone reduced the yield—the finer the straw the smaller the yield. 
The addition of carbon bisulfide to the soil to which straw had been added 
doubled the yield. 

Von Seelhorst and Freckmann (13) worked on the effect of aeration and 
moisture upon the addition of straw and strawy manures on loam and sandy 
soils in pots. Their work showed that when nitrates were applied denitri- 
fication was proportional to the applications of straw. In the case of the 
loam, the application of straw alone was more injurious. 

Von Seelhorst and Freckmann (14) showed that the addition of lime and 
sulfuric acid lessens the injurious effect of straw on the yield, but does not 
overcome it. 

Stutzer (11) carried on pot experiments with buckwheat followed by 
mustard to determine whether the injurious effects caused by the addition 


1 Contribution from the Washington Agricultural Experiment Station, State College of 
Washington, Pullman, Washington. 
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of straw and similar organic substances could be overcome by the addition 
of ammonium sulfate. He found the growth poorer with ammonium sulfate 
than with sodium nitrate. The addition of calcium carbonate increased the 
injurious effect of the ammonium sulfate. . 

Chirikov and Shmuk (3) experimented on the influence of moisture and 
straw upon denitrification in sandy loam. The work was carried out in pots. 
At a constant moisture the yield of oats decreased as the straw was increased, 
and as the moisture decreased the yield decreased. The addition of calcium 
carbonate with the straw decreased the injurious effect of the straw but did 
not overcome it. The authors hold that the diminished yield is not due to 
denitrification in the strict sense, but that nitrates are converted into insoluble 
nitrogen compounds which are less assimilable by the plants. 

Bischoff (1) conducted pot experiments at Gottingen, in which he turned 
under straw, 10 weeks, 4 weeks, and immediately before planting. He grew 
mustard and buckwheat on a sandy and a clayey soil. He found that on the 
sandy soil the use of straw was practically always followed by a smaller 
yield of dry matter and of nitrogen. The injurious effect was less in the 
presence of sodium nitrate. On clayey soils the straw did not uniformly 
decrease the yield. With sodium nitrate the early application of straw 
produced the greatest depression in yield. In the absence of sodium nitrate 
the late application of straw caused the greatest loss. 

Lohnis and Green (7) state that “straw humus interfered with the process 
of nitrification in the same manner as the undecomposed straw.” 

Von May (12), worked on the effect of straw fertilizers on potatoes. He 
states “the results show that the availability of organically combined nitrogen 
was depressed by the presence of a nitrogen-free organic substance,” as in 
the case of straw. He suggests that the loss in available nitrogen is due to 
the appropriation of the soluble nitrogen by microorganisms which use the 
nitrogen-free substances as sources of energy. 

Doryland (4) reports, as a result of his tests: 


Oats grown in pots containing quartz sand are greatly reduced in yield when dextrose is 
added in the presence of limited amounts of plant food. When dextrose is added in the 
presence of abundant plant food the reduction in oat yield is less. Soils have a definite 
ammonia and nitrate consuming power. The addition of dextrose or straw temporarily 
increases it. When large quantities of straw (20 tons to the acre) are added to soil, there 
is a marked decrease in the ammonifying power and a marked increase in the ammonia and 
nitrate-consuming power. Plowing under crop residues affects the soil in a similar way, 
but to a less extent. The disturbing influence of organic residue is largely due to the excess 
energy material with a marked temporary increase in multiplication of microorganisms, and 
a proportional assimilation of plant food elements followed upon exhaustion of excess energy 
material, by an increased liberation of plant food. The terms “beneficial” and “detrimental” 
bacteria when applied to saprophytic organisms have only a relative value. Under a certain 
proportion of energy to nutrients, the “beneficial” organism may become “‘detrimental,” and 
vice versa. 
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DISCUSSION 


There are several possible explanations of what takes place in the soil after 
the addition of wheat straw. The addition of cellulose to the soil in the form 
of wheat straw may have a toxic effect on the nitrate-forming bacteria and 
thus inhibit the formation of nitrates. It may be that the cellulose-fermenting 
organisms use up the nitrates as a food for themselves and thus lower the 
nitrogen supply of the plants. Another point that suggests itself is that the 
straw acts as a source of energy to a host of soil bacteria, which then use the 
nitrates as their source of nitrogen, build up organic nitrogen, probably throw 
off nitrogen in the form of organic nitrogenous matter as a waste product, 
thus deprive the plants of their soluble nitrogenous food. 


OUTLINE OF WORK 


The direct object of the work in hand was to find the effect of adding straw 
to the soil on the biological agents of the soil, to study the effect of straw on 
different groups of bacteria and their activities, and as a result of these investi- 
gations to devise, if possible, some method of adding humus to the soil in the 
form of wheat straw, without subsequent ill effects. Specifically, the following 
work was undertaken to study: first, the effect of adding varying amounts of 
straw to the soil upon nitrate production and upon the total nitrogen content 
of the soil, to find out whether nitrogen is really lost or merely transformed in 
the soil; second, the effect of straw upon the number and the type of bacteria 
in the soil; third, the effect of straw upon nitrogen fixation, ammonification 
and denitrification; fourth, the isolation of nitrate-forming bacteria and the 
effect of straw and pure cellulose upon them. 


EXPERIMENTAL 


The effect of different amounts of straw on nitrate formation and the total nitrogen 
content of the soil? 


To 100 gm. of sieved soil’ contained in glass tumblers, 0.1, 0.2, 0.3, 0.4, 05, 
0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0 and 5.0 per cent of finely chopped wheat 
straw was added. The moisture content was adjusted to 19 per cent, and 
0.2 gm. of ammonium sulfate was added to each tumbler as well as to a check 
which received no straw. The work was carried out in duplicate. The 
tumblers were covered and weighed and incubated at room temperature, 
about 21°C. The moisture content was adjusted weekly. Determinations 
of the nitrate content by the zinc-iron reduction method (6), and the total 
nitrogen by the modified Gunning method to include nitrates, were made ~ 
immediately, and at the end of 6, 12, 18 and 24 weeks. 


2 Credit is due Mr. Milton Brandt for most of the analyses in this section. 
3 All soil used was Palouse field soil. 
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From an analysis of tables 1, 2 and 3, it is apparent that the addition of 
wheat straw has an effect on the formation of nitrates in the soil under labo- 
ratory conditions. After the 6 and 12-week periods, straw between the 


TABLE 1 
Nitrate nitrogen per 100 gm. of soil—Average of two determinations 


Banh AT BEGINNING | END OF 6 WEEKS | END OF 12 WEEKS | END OF 18 WEEKS | END OF 24 WEEKS 
ber cent mgm. mgm. mgm. mgm. mgm. 
0.1 9.72 12.25 22.84 27.58 23.52 
0.2 9.72 14.81 22.82 32.76 25.56 
0.3 9.72 15.42 21.84 34.10 23.38 
0.4 9.72 14.91 19.88 27.16 25.38 
0.5 9.72 13.86 21.28 31.78 25.76 
0.6 9.72 16.36 21.70 31.78 23.10 
0.7 9.72 13.16 22.68 29.26 21.60 
0.8 9.72 12.04 19.60 27.02 22.12 
0.9 9.72 12.18 20.66 27.86 22.02 
1.0 ) 72 13.72 15.54 32.28 22.54 
2.0 9.72 11.06 13.58 27.02 18.48 
3.0 9.72 12.42 14.00 ~ 19.28 16.52 
4:0 9.72 9.26 8.68 18.62 14.56 
5.0 9.72 7.84 9.52 13.36 7.56 
Check 9.72 13.44 19.74 34.72 26.74 
TABLE 2 
Increase or decrease in nitrate nitrogen over the nitrate nitrogen in the beginning 
Po aon geal END OF 6 WEEKS END OF 12 WEEKS END OF 18 WEEKS END OF 24 WEEKS 
per cent mgm. mgm. mgm. mgm. 
0.1 2.353 12 17.86 13.80 
0.2 5.09 13.10 23.04 15.84 
0.3 5.40 12.12 24.38 13.66 
0.4 5.19 10.16 17.44 15.66 
0.5 4.14 11.56 22.06 16.04 
0.6 6.64 11.98 22.06 13.38 
0.7 3.44 13.92 19.54 11.88 
0.8 2.32 9.88 17.30 12.40 
0.9 2.46 12.44 16.14 12.30 
1.0 4.00 5.82 22.56 12.82 
2.0 1.32 3.86 17.30 8.76 
3.0 2.70 4.28 9.56 6.80 
4.0 —0.46 0.96 8.90 4.84 
5.0 —1.88 —0.20 3.64 —1.16 
Check 3:72 10.02 25.00 17.02 


amounts of 0.1 per cent and 0.7 per cent actually stimulated the formation 
of nitrates over that in the check to which no straw had been added. After 
the 18 and 24-week periods, in every case there was a loss in nitrate formation 
over the check. 
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Table 4 shows that if straw inhibits the formation of nitrates or actually 
causes a decrease in the original nitrate content, as is the case with the 4 
and 5 per cent straw, there is no loss in total nitrogen in the soil. The nitrates 


TABLE 3 
Increase or decrease in nitrate nitrogen over the increase in the check for each period 
eS aa END OF 6 WEEKS END OF 12 WEEKS | _ END OF 18 WEEKS | END OF 24 WEEKS 
per cent mgm. mgm. mgm. mgm. 
0.1 —1.29 3.10 —7.14 —3.22 
0.2 1.37 3.08 —1.96 —1.18 
0.3 1.68 2.10 —0.62 —3.36 
0.4 1.47 0.14 —7.56 —1.36 
0.5 0.42 0.54 —2.94 —0.98 
0.6 1.70 0.96 —2.94 —3.64 
0.7 0.72 2.94 —5.46 —5.14 
0.8 —1.40 —0.14 —7.70 —4.62 
0.9 —1.36 0.42 —6.86 —4.72 
1.0 0.28 —4.30 —2.44 —4.20 
2.0 —2.38 —6.39 —7.70 —8.26 
3.0 —1.02 —5.94 —15.44 —10.22 
4.0 —4.28 —9.06 —16.10 —12.18 
5.0 —5.86 —10.22 —21.36 —19.18 
TABLE 4 


Total nitrogen per 10 gm. of soil—Average of two determinations 


ot a ont aan END OF 6 WEEKS | END OF 12 WEEKS | END OF 18 WEEKS | END OF 24 WEEKS 
per cent mgm. mgm. mgm. mgm. mgm. 
0.1 17235 19.25 23.03 26.95 20.83 
0.2 17.74 19.67 23.98 28 .28 24.01 
0.3 17.29 20.58 23.13 25.20 20.02 
0.4 TAA 19.76 261 30.66 19.57 
0.5 19.18 20.93 28.42 28.07 20.08 
0.6 17.78 19.81 26.45 27.02 19.39 
0.7 18.06 18.48 23.80 25.55 19.71 
0.8 18.34 18.69 26.04 23.03 19.11 
0.9 19.32 20.02 23.66 23.80 ~ 20.02 
1.0 19.28 18.96 23.80 25.99 21.19 
2.0 18.34 20.51 23.45 26.04 20.55 
3.0 18.06 22.33 24.12 27.09 21.16 
4.0 18.11 21.49 25.13 24.22 21.16 
5.0 18.90 20.65 21.63 25.84 20.81 
Check 18.20 19.53 21.98 25.55 19.97 


are probably transformed to organic nitrogenous matter, and there is no loss 
in total nitrogen due to the straw. The amounts of nitrogen vary somewhat 
but the amounts at the end of each period do not lie very far apart. The 
addition of straw in no way interferes with the normal increase in total nitrogen. 


238 


T. J. MURRAY 


In order to check up on this work and to find out what happens after the 
24-week period, the work was repeated covering a 48-week period. The 
analyses were made for nitrates and total nitrogen every 6 weeks. 


TABLE 5 
Nitrate nitrogen per 100 gm. of soil—Average of two determinations 

AMOUNT OF AT END OF END OF END OF END OF END OF END OF END OF END OF 
straw ADDED | "TG. comes wien A me WEEKS mt. oun wales 
per cent mgm. mgm. mgm. mgm. mgm. mgm mgm. mem. mgm. 
0.1 10.25 | 12.16 | 17.50 | 19.18 | 19.32 | 30.46 | 25.48 | 26.04 | 26.90 
0.2 10.25 | 11.26 | 17.28 | 19.32 | 23.96 | 27.02 | 21.98 | 25.20 | 27.44 
0.3 10.25 | 10.69 | 17.50 | 17.44 | 25.94 | 21.56 | 24.12 | 25.32 | 24.92 
0.4 10.25 | 12.13 | 17.22 | 17.55 | 19.78 | 21.66 | 23.60 | 23.52 | 24.22 
0.5 10.25 | 13.16 | 18.62 | 15.92 | 21.00 | 24.22 | 27.30 | 26.60 | 24.92 
0.6 10.25 | 11.62 | 21.84 | 22.68 | 26.80 | 23.47 | 22.54 | 23.80 | 23.80 
0.7 10.25 | 12.60 | 16.19 | 12.32 | 22.60 | 22.96 | 22.02 | 21.00 | 25.06 
0.8 10.25 | 10.27 | 13.44 | 14.65 | 16.80 | 17.78 | 20.02 | 23.66 | 18.48 
0.9 10.25 | 10.50 | 13.58 | 12.88 | 17.64 | 24.92 | 21.28 | 23.80 | 21.56 
1.0 10.25 | 9.80 | 15.12 | 24.64 | 18.76 | 19.32 | 18.48 | 19.04 | 17.92 
2.0 10.25 | 9.05 | 12.55 | 18.90 | 17.50 | 13.86 | 21.72 | 19.18 | 17.08 
3.0 10.25 | 9.24 | 17.36 | 19.04 | 14.30 | 14.98 | 17.78 | 17.78 | 17.08 
4.0 10.25 | 9.52 | 13.72 | 17.36 | 6.86 | 11.06] 9.38 | 9.38 | 9.97 
5.0 10.25 | 10.22 | 13.30 | 18.64 | 7.84] 7.84] 9.80] 10.50 | 10.50 
Check 10.25 | 11.20 | 14.70 | 14.28 | 17.74 | 17.50 | 24.36 | 24.36 | 24.50 

TABLE 6 


Increase or decrease in nitrate nitrogen over the nitrate nitrogen at the beginning 


sinitiiiataes enpor | ENDoF | ENDor | ENDoF | ENDoF | ENDoF | ENDoF | ENDOF 
——— mune eaiin line ii wane ae wikia “me 
per cent mgm. My. mgm. mgm. mgm mgm. mgm. mgm. 
0.1 1.91 7.25 8.93 9.07} 20.21} 15.23] 15.79] 16.65 
0.2 1.01 7.03 9.07 13.71 16.77 11.73 14.95 17.19 
0.3 0.24 7.25 9.17 | 15.69} 11.31] 13.87 | 15.07 | 14.67 
0.4 1.88 6.72 7.30 9.52). 21549 1-93-5385 | 13:27 | 13.97 
0.5 2.91 8.37 5.67 10.74 13.97 17.05 16.35 14.67 
0.6 1.37 11.59 12.43 16.55 13.22 12.29 13.55 $3200 
0.7 235 5.94 2.07 12.35 12.71 11.77 10.75 14.81 
0.8 0.02 3.19 4.40 6.55 7.83 9.77} 13.41 8.23 
0.9 0.25 3.33 2.63 7:39 1. 4456735 11.0371 13.55] 11.21 
1.0 —0.45 4.87 4.39 8.51 9.07 8.23 8.79 7.67 
2.0 —1.20 2.30 8.65 1:25 3.61 11.47 9.93 1a3 
3.0 —1.01 7.44 8.79 4.05 4.73 7:55 1333 143 
4.0 —0.73 3.47 7.11 | —3.39 0.81 | —1.87 | —0.87 | —0.28 
5.0 —0.03 3.05 8.39 | —2.41 | —2.41 | —0.45 0.25 0.25 
Check 0.95 4.45 4.03 a | 7.49 14.11 14.11 14.25 


The data shown in tables 5, 6 and 7 are not as striking as the results obtained 
previously over the 24-week period. After the 30-week period, however, 
the results ran very much the same as in the 18 and 24-week periods of the 
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former set. The loss in nitrate formation after the 30-week period seems to 
increase with the increase in the straw. This is especially noticeable in the 
cases where 4 and 5 per cent straw applications were made. It is again 
evident that the straw has a marked influence on nitrate formation. 


TABLE 7 
Increase or decrease in nitrate nitrogen over the increase in the check for each period 


AMOUNT END OF END OF END OF END OF END OF END OF END OF END OF 
OF STRAW 6 12 18 24 30 36 40 48 
WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS 
per cent mgm. mem. mgm. mgm. mgm. mgm mgm. mgm. 
0.1 0.96 2.80 4.90 1.46) 12.72 112 1.68 2.40 
0.2 0.06 2.58 5.04 6.20) 9.28} —2.38 0.84 2.94 
0.3 —0.71 2.80 5.14 8.18} 3.82} —0.24 0.96 0.42 
0.4 0.93 2327 3.27 2.01) 3.92} —0.76} —0.84| —0.28 
0.5 1.96 3.92 1.64 3.23) 6.48 2.84 2.24 0.42 
0.6 0.42 7.04 8.40 9.04) 5.73 | —1.82} —0.56) —0.70 
0.7 1.40 1.49 | —1.96 4.84, 5.22} —2.34| —3.36 0.56 
0.8 —0.93 | —0.26 0.37 | —0.96} 0.04} —4.34; -—0.70} —6.02 
0.9 —0.70 | —1.12 | —1.40} -—0.12) 7.18 | —2.08} —0.56) —3.04 
1.0 —0.50 0.42 0.36 1.00} 1.58 | —5.88} —5.32) —6.58 
2.0 —2.15 | —2.15 4.63 | —0.26) —3.88 | —2.64, —4.18} —6.52 
3.0 —1.96 2.76 4.76 | —3.46| —2.76 | —6.58) -—6.58) —6.52 
4.0 —1.68 0.02 3.08 | —10.90} —6.68 | —15.98} —14.98} —14.53 
5.0 —0.98 | —1.40 4.36 | -—9.92} —9.90 | —14.66} —13.86) —14.00 
Check 
TABLE 8 
Total nitrogen per 10 gm. of soil—Average of two determinations* 
Amounr ois. “ OF ~— a a —— — — 
NING WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS WEEKS 
per cent mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm. 
0.1 19.72 | 21.62 | 21.91 | 22.33 | 23.17 | 20.44| 23.24] 18.48 
0.2 18.55 | 21.42 | 22.19 | 22.47] 24.13} 20.48 | 20.86] 19.39 
0.3 18.51 | 19.74} 21.56] 22.54] 24.28 | 20.33 | 21.14] 20.02 
0.4 18.49 | 21.70 | 21.77) 23.45 | 24.20] 20.79 | 22.96] 20.93 
0.5 18.13 |} 19.39] 20.23 | 23.45 | 24.50} 21.00] 22.26) 22.26 
0.6 18.20 | 20.51 | 20.44] 23.17 | 22.89| 20.44) 22.82 | 22.64 
0.7 185133] 20.67| 22:75] 22:08) 23-83) 19381 | 22:263| 22:47 
0.8 13.27 |. 23:05] 22:96) 21:63 23:66), 18:20] 22.427 | 22.26 
0.9 19.23 | 23.03 | 23.10] 21.63 | 24.22 | 18.20] 21.84] 21.98 
1.0 18.55 | 21.62 | 23.45 | 22.05 | 23.71] 20.48 | 21.70] 24.99 
2.0 19.25 | 21.96 | 23.24) 22.68 | 23.80| 21.07 | 21.98 | 22.26 
3.0 19.69 | 22.89 | 21.98 | 22.72 | 24.36] 20.37 | 22.84] 24.64 
4.0 21.07 | 21.46! 22.05] 22.39] 24.08 | 20.30} 22.84} 25.41 
5.0 20.76 | 22.19 | 22.68] 22.61) 23.52 | 21.84] 22.54]. 21.49 
Check 18.62 | 21.98 | 20.93 | 22.12 | 22.75 | 21.84] 21.41 | 20.09 


* On account of an accident no determinations were made at the end of 40 weeks. 
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An examination of table 8 shows results that closely approximate those 
obtained previously. No nitrogen is lost, so the nitrates are only changed 
to some other form of nitrogen. 

Straw in large amounts causes a decrease in the formation of nitrates. 
The process of nitrification is probably not interfered with (it will be shown 
later that the cellulose of straw has no harmful effect on nitrate bacteria), 
but as fast as the nitrates are formed they are used by bacteria that obtain 
carbon from the straw. (That the number of bacteria increase with an 
increase in the amount of straw is shown in a subsequent portion of this 
paper.) 


TABLE 9 
Nitrate nitrogen per 100 gm. of soil—Average of two determinations 
AMOUNT OF STRAW AT BEGINNING END OF 6 WEEKS END OF 12 WEEKS END OF 18 WEEKS 

per cent mgm. mem. mgm. mgm. 
0.1 52.93 47.88 50.96 52.76 
0.2 52.93 48 .58 51.24 52.62 
0.3 52.93 49.66 52.71 51.92 
0.4 52.93 49.28 “13138 50.80 
0.5 52.93 49.42 51.38 53.34 
0.6 52.93 49.14 47.88 53.20 
Dia 52.93 42.98 50.12 $2.04 
0.8 52.93 40.70 48.72 53.76 
0.9 52.93 41.58 47.18 52.36 
1.0 52.93 43.54 46.06 49.00 
2.0 52.93 37.94 46.43 46.48 
3.0 , 23 37 .66 45.78 44.38 
4.0 52.93 29.26 46.06 43.40 
5.0 52.93 30.24 47.18 42.84 
Check 52.93 41.30 52.30 53.90 


The effect of straw on nitrates already in the soil 


In the foregoing study of the effect of straw on nitrification, the tests were 
made on the influence of straw in transforming an ammonium compound to 
nitrates. The question arises, what happens to nitrates already in the soil 
when straw is added? With this problem in view, 50 mgm. of nitrate nitrogen 
in the form of sodium nitrate was added to 100 gm. of soil, to which had [been 
added the various percentages of straw. Nitrate analyses were made immedi- 
ately and at the end of 6, 12 and 18 weeks. The results of the analyses are 
given in the tables 9, 10 and 11. 

At the end of 6 weeks there was a loss in nitrates in all cases. There was 
less loss between 0.1 and 0.7 per cent straw than in the check. Above 1 per 
cent straw there is a very much greater loss than in the check. 

There was a loss in nitrates in all cases at the end of the 12-week period. 
The loss in the case of the check was very small. In all except one there 
was a greater loss when straw had been added. In general, as the straw 
increased the loss increased. 
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At the end of the 24-week period there was a loss in nitrates in every case 
but in the check. The loss is greatest above 1 per cent straw. 


TABLE 10 
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Increase or decrease in nitrate nitrogen over the nitrate nitrogen in the beginning 


it 


AMOUNT OF STRAW ADDED END OF 6 WEEKS END OF 18 WEEKS END OF 18 WEEKS . 
per cent mgm. mgm. mgm. | 
0.1 —5.05 —1.97 —0.17 4 
0.2 —4.35 —1.69 —0.31 Hi 
0.3 —3.27 —0.22 —1.01 i 
0.4 —3.65 —1.55 —2.13 a 
0.5 —3.51 —1.55 0.41 iq! 
0.6 —3.79 . -5.05 0.27 KA 
0.7 —9.95 —2.81 —0.89 | 
0.8 —12.23 —4.21 0.83 RB 
0.9 —10.35 —5.75 —0.57 i 
1.0 —8.39 —6.87 —3.93 ri 
2.0 — 14.99 —6.50 —6.45 
3.0 —15.27 —7.15 —8.55 4 
4.0 —23.67 —6.87 —9.53 4 
5.0 —22.69 —5.75 —10.09 a 
Check —11.63 —0.59 1.03 
TABLE 11 ES 
Increase or decrease over the increase or decrease in nitrate nitrogen in the check at the different 4 
periods 4 
AMOUNT OF STRAW ADDED END OF 6 WEEKS END OF 12 WEEKS END orf 18 WEEKS i 
per cent mgm. mgm. mgm. B 
0.1 6.58 ~1.38 —1.20 i 
0.2 7.28 —1.10 —1.34 " 
0.3 8.36 0.37 —2.04 4 
0.4 7.98 - —0.96 ~3:43 be 
0.5 8.12 —0.96 —0.62 bs 
0.6 7.84 —4.46 —0.76 A 
0.7 1.68 —2.22 —1.92 3 
0.8 —1.60 —3.62 —0.20 
0.9 1.28 —5.16 —1.60 i 
1.0 2.24 —6.28 —4.96 u 
2.0 —3.36 —5.91 —7.48 A 
3.0 —3.64 —6.56 —9.58 
4.0 —12.06 —6.28 —10.56 
5.0 —11.06 —5.16 —11.12 
Check 


It is evident that straw has an effect on nitrates present in the soil and as 
the amount of straw increases the harmful effect increases. 
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The effect of straw on ammonification 


The various amounts of straw were added to 100 gm. of soil in tumblers. 
After the moisture had been adjusted 1 per cent casein was added to one 
set. The other set stood a week and then 1 per cent casein was added to it. 
After the addition of the casein the soil was incubated one week. Magnesium 
oxide and water were added to the 100 gm. of soil and the ammonia deter- 
mined by distillation. 

Practically all the bacteria in the soil are ammonifiers. Straw, as is shown 
in another part of the paper, stimulates bacterial reproduction. Itwasthought 
that if the soil stood some time with the straw, greater ammonification would 
take place as a result of the increase in the number of bacteria. It was with 


TABLE 12 
Ammonia per 100 gm. of soil—Average of two determinations 
AMOUNT OF STRAW A. CASEIN APPLIED AT ONCE stu aoe eae 
per ceni mgm. . mgm. 
0.1 128.27 129.55 
0.2 126.14 124.10 
0.3 122.82 132.34 
0.4 125.89 118.49 
0.5 124.10 126.48 
0.6 113.24 126.91 
0.7 126.99 127.50 
0. 117.81 125.29 
0.9 117.97 126.65 
1.0 110.16 231.27 
2.0 98.52 89.41 
3.0 81.36 98.10 
4.0 79.31 94.95 
5.0 70.13 68.68 
Check—no straw 132.17 125.38 
Check—no casein, no straw 5.44 3.32 


this point in mind that the soil plus the various amounts of straw was allowed 
to stand a week before the addition of the casein. In table 12, column A, 
the ammonia formed in one week is recorded. Column B shows the ammonia 
formed in one week where the casein was applied one week after the addition 
of the straw. 

It is evident that above 0.9 per cent straw a harmful effect is exerted upon 
the process of ammonification. As the straw increases the ammonia decreases. 
This is true in both cases. The figures in column B do not show the increased 
ammonification due to the increase in bacterial numbers. It is likely that 
as much ammonia is formed above 0.9 per cent straw, but since there are 
enormous numbers of bacteria using the straw as a source of carbon, they may 
use the ammonia as a source of nitrogen. 
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In order to complete the study of the biological activities in which soil 
bacteria function, the writer next took up the effect of straw on the fixation 


TABLE 13 
The effect of straw on nitrogen fixation; nitrogen 10 gm. of soil—Average of two determinations 
AMOUNT OF STRAW ADDED AT BEGINNING END OF 3 WEEKS END OF 6 WEEKS 
per cent mgm. mgm. mgm, 
0.1 10.01 12.04 13.72 
0.2 9.97 ya 12.81 
0.3 9.78 12.74 13.16 
0.4 10.15 42:25 12.46 
0.5 10.01 12.46 11.90 
0.6 10.36 “12.22 12.81 
0.7 10.22 11.34 12.67 
0.8 10.29 11.48 13.09 
0.9 10.64 12.11 13.16 
1.0 10.43 12.18 aZc3t 
2.0 11.06 12.04 12.60 
3.0 11.06 12.32 13.30 
4.0 10.57 12:12 13.72 
5.0 11.06 12.18 13.86 
Check 10.57 11.13 13.24 
TABLE 14 
Increase in nitrogen over the nitrogen in the beginning for the different periods 
AMOUNT OF STRAW ADDED END OF 3 WEEKS END OF 6 WEEKS 
per cent mgm. mgm. 
0.1 2.03 S71 
0.2 2.14 2.84 
0.3 2.96 3.38 
0.4 2.10 2.31 
0.5 2.45 1.89 
0.6 1.96 2.45 
0.7 £32 2.45 
0.8 1.19 2.80 
0.9 1.47 2ec2 
1.0 ‘75 1.88 
2.0 0.98 1.54 
3.0 1.26 2.24 
4.0 1.55 345 
5.0 g 2.80 
Check 0.56 L577 


of nitrogen over a period of 3 and 6 weeks. In one set of tests the different 
amounts of straw were added. Total-nitrogen determinations were made in 
duplicate immediately at the end of 3 and 6 weeks by the modified Gunning 
method. At the same time another series was conducted to which 1 per cent 
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of mannite had been applied in addition to the straw. From an analysis of 
tables 12, 13, 14 and 15, it is seen that straw serves as a source of carbon to 
nitrogen-fixing bacteria. In the case in which the mannite was added, more 


TABLE 15 
The effect of straw on nitrogen fixation; nitrogen 10 gm. of soil; mannite added—Average of two 
determinations 
AMOUNT OF STRAW ADDED AT BEGINNING END OF 3 WEEKS END OF 6 WEEKS 
per cent mem. mgm. mgm. 
0.1 10.36 A301 14.21 
0.2 10.43 13.79 14.07 
0.3 10.43 13.81 13.86 
0.4 10.78 13.72 13.79 
0.5 10.15 13.72 13.86 
0.6 10.92 is.92 13.37 
0.7 10.62 13.64 14.14 
0.8 10.78 13.23 14.21 
0.9 10.78 14.07 14.35 
1.0 10.29 13.65 14.07 
2.0 10.85 13.93 14.21 
3.0 11.38 13.86 14.35 
4.0 10.78 14.21 15.19 
5.0 10.92 14.07 14.77 
Check 10.85 13.30 14.14 
TABLE 16 


Increase in nitrogen over the nitrogen in the beginning for the different periods; mannile added 


AMOUNT OF STRAW ADDED END OF 3 WEEKS END OF 6 WEEKS 

per cent mgm. mgm. 
0.1 3.15 3.86 
0.2 3.36 3.64 
0.3 3.38 3.43 
0.4 2.94 3.01* 
0.5 3.57 3:71 
0.6 2.80 2.67* 
0.7 3.02 3.52 
0.6 2.45 3.43 
0.9 3.29 3:57 
1.0 3.36 3.78 
2.0 3.08 3.36 
3.0 2.48 2.97 
4.0 3.43 4.41° 
5.0 3.15 3ig5 

Check 2.45 3.29 


nitrogen was fixed, mannite being a very readily utilized source of carbon. 
In only three cases was there less nitrogen fixed than in the check. These 
are marked with an asterisk in the tables. 
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The effect of straw on the number of bacteria in the soil 


In this test straw in the varying amounts was added to tumblers containing 
100 gm. of soileach. After 3 weeks the bacteria were counted by the dilution- 
beef-agar-plate method. Thereafter the numbers of bacteria in the soil were 
counted at approximately 6-week intervals over a period of 71 weeks. The 
initial number of bacteria in the soil was 2,730,000 per gram. 

From an examination of table 17 it is at once apparent that as the straw 
increases bacteria increase in numbers. This is especially noticeable above 
1 per cent straw, where unheard-of numbers of bacteria were present. For 
example, at the end of 12 weeks the count with the 5 per cent straw lies between 
130 and 190 million bacteria. At the end of the 71 weeks the count with the 
4 per cent straw has fallen off to 67 million but the same general relationship 
holds even then... The bacterial counts for all the periods are averaged and 
the results graphically expressed in figure 1. In this diagram the ordinate 
represents the average number of bacteria for the whole period of the work. 
From the numbers given the last four ciphers have been omitted. The 
abscissa represents the percentage of straw added. 


The effect of straw on the types of bacteria present in the soil 


In order to find out whether straw stimulates or inhibits any particular 
group of bacteria, a study of the effect of straw on bacteria was carried out. 
About one year (53 weeks) after the soil had been inoculated with the various 
amounts of straw as described in the preceding section, the soil was plated for 
counting. All the colonies on a high-dilution plate, usually one on which there 
were between fifty and one hundred colonies, were picked and inoculated on 
agar slants. The following soil samples were used: 0.3 per cent, 0.6 per cent, 
1 per cent and 4 per cent straw, and the check. Besides these, the writer made 
a study of the bacteriology of a fresh sample of straw and of soil. It is obvi- 
ously impossible to study all the bacteria in a gram of soil, but this method 
gives an approximation of the flora. 

The following culture media were used: 

1. Litmus milk—Dehydrated litmus milk (Digestive Ferments Company), 
29 gm. in 1000 cc. of distilled water. 

2. Beef bouillon—1 per cent peptone, 0.5 per cent salt, 0.3 per cent Liebig’s 
extract of beef, in distilled water. Reaction +1.5 per cent. 

3. Beef peptone agar—Same as no. 2 with 1.5 per cent agar-agar. 

4. Gelatin—Same as no. 2 with 10 per cent gelatin, reaction +-1.5 per cent. 


5. Dextrose bouillon—Same as no. 2 with 1 per cent dextrose, reaction: 


neutral. 

6. Lactose bouillon—Same as no. 2 with 1 per cent lactose, reaction neutral. 

7. Dunham’s solution—1 per cent peptone, 0.5 per cent salt in distilled 
water. 

8. Nitrate solution—0.1 per cent peptone, 0.02 per cent KNOs, in distilled 
water. 
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Media no. 5 and 6 were put in fermentation tubes. All media were steril- 
ized in an autoclave 15 minutes, at 15 pounds pressure. The media were used 
for the following purposes: 

1. Litmus milk—Acid and alkali production; casein coagulated or digested. 
. Beef bouillon—Type of growth. 

. Agar slant—Type of growth. 

. Gelatin stabh—Type of liquefaction or type of growth. 
. Dextrose bouillon—Acid and gas production. 

. Lactose bouillon—Acid and gas production. 

. Dunham’s solution—Indol and ammonia production. 
. Nitrate solution—Nitrite production. 

The staining reactions and morphology of the bacteria were determined, as 
well as their physiological and cultural characters, on the above media. 

In the tables giving the results the reaction in Dunham’s solution are 
omitted because all the organisms studied formed ammonia and none formed 
indol. None of the bacteria formed gas in either dextrose or lactose bouillon. 
None of the organisms except sixteen in the sample of straw formed acid in 
lactose bouillon. These are marked with an asterisk in the table. The 
reactions in lactose bouillon are omitted from the tables. 

The cultural and morphological characters were compared with descriptions 
in Chester’s Manual of Determinate Bacteriology (2). As the descriptions 
are often meagre, the names assigned to bacteria in the tables are but an 
approximation. 

From a study of tables 18 to 25 inclusive, it becomes apparent that the 
predominating type of bacteria in all cases is the gram positive, proteolytic, 
spore-bearing streptobacillus. In the field soil that had no storage 40.6 per 
cent are B. subtilis and 49.5 per cent B. megatherium, organisms which have 
the same general characters. Practically all the bacteria are gram positive, 
spore-bearing bacilli, as shown in the table 25. Ali the organisms down to 
Bact. oxylactium are of this type. In the straw there is a more varied picture. 
Only 27 per cent belong to the B. subtilis and B. megatherium groups, although 
81 per cent of the bacteria are spore-bearing bacilli. 

The straw does not seem to stimulate any group of bacteria. The B. 
subtilis type predominates in all cases and also in the check and in the field 
soil. There is no progressive increase or decrease in this type. Although 
straw stimulates bacterial reproduction, as was shown previously, it is a 
reproduction of the types already in the soil, and no special group is favored. 

A large number of the bacteria formed nitrites from nitrates in culture 
tubes, 72.5 per cent with 0.3 per cent straw, 55.2 per cent with 0.6 per cent 
straw, 86.2 per cent with 1 per cent straw, 90 per cent with 4 per-cent straw 
and 83 per cent with the check. It was thought that this might have some 
bearing on the problem. With the higher percentages of straw there are 
enormous numbers of bacteria, and they may form nitrites in the soil from 
the nitrates. With this in mind the various amounts of straw were added to 
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100-gm. samples of soil to which had been added 50 mgm. of nitrate nitrogen 
in the form of sodium nitrate. After a period of 1 and 2 weeks the soil was 
leached out with distilled water and the nitrites determined by the colori- 
metric method (9). Nitrites were not found present in any appreciable 
amounts in any case. 

In no case was there a larger amount of nitrites found than in the check to 
which no straw had been added, and in the check to which no straw and no 
nitrate had been added. In many cases there were no nitrites present at all. 
The greatest amount of nitrite found was 0.1 mgm. per 100 gm. of soil. The 
nitrates that are used by these bacteria are evidently built up into organic 
nitrogen by the bacteria and are thrown off in the form of organic nitrogenous 


TABLE 25 


Percentage of various bacteria 


0.3 0.6 1 4 CHECK, 
NAMES OF BACTERIA PER CENT | PER CENT | PER CENT | PER CENT No pod STRAW 

STRAW STRAW STRAW STRAW STRAW 

per cent per cent per cent per cent per cent ber cent per cent 
ONE Ss vans sn ws Kae 67.5 84.2 78.5 93:9 87.5 40.6 16.5 
B. megatherium......... 2:5 1.5 49.5 10.5 
B. Mod ern0s ........5.0000 6.2 5.0 1.4 
B. mesentericus......... 4.0 
B. sublanatus.......... 1.4 
ee 8.1 
B. verticillatum......... 10.7 
B. ginglimus.........0. 22:5 7.9 : 2.0 
B. punctiformis......... 5.3 2.0 
Sy) ee 2.6 ta 1.4 36.0 
Bact. oxylacticum....... 3.9 
BOAMGGONS « o.is.6ecesss 11.6 
MEMES Gio sGcawewans 1.4 
M. coronaius........... 1.4 
i) 7.0 
i re is 10.5 
Not identified.......... 1.0 1.0 


material as a waste product. In the culture tubes, the media used contained 
only a trace of peptone and a small amount of nitrate. There was no source 
of carbon. In the soil, however the straw and other organic materials are 
present, so that the nitrate used by the bacteria is probably thrown off in an 
organic form. 


The effect of straw on the nitrate-forming bacteria in the soil 


In connection with this problem the question arises, has straw any effect 
on the nitrate bacteria? Does it inhibit their growth or development and 
consequently the formation of nitrates? 
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Eight strains of nitrate bacteria were isolated. The following liquid 
medium (4) in distilled water was used: MgSO, 0.04 per cent, Fee(SOx)s 
0.04 per cent, NaCl 0.05 per cent, KzHPO, 0.05 per cent, NazCO; 0.1 per cent, 
NaNO; 0.1 per cent. About 1 gm. of soil was inoculated into 500-cc. Erlen- 
meyer flasks containing about 150 cc. of the above sterile medium. The 
flasks were incubated at room temperature. They were tested for the presence 
of nitrates weekly. As soon as nitrates were found present, 1 cc. of the 
medium was transferred tosome new medium. After four transfers were made 
1 cc. of the medium was diluted and plated on nitrite agar. This medium 
was the same as given above, but for the addition of 2 per cent agar-agar 
(Difco). Colonies were picked from the plates and inoculated into the liquid 
medium again, which was tested for the presence of nitrates at intervals. If 
nitrates were found a pure culture of nitrate bacteria had been isolated. 

In this work silica jelly, the original medium on which Winogradski isolated 
the nitrate bacteria, was tried but much better results were obtained when 
agar-agar (Difco) was used as a solidifying agent. A very interesting fact 
was noticed in the isolation work. The nitrate bacteria formed small inden- 
tations in the agar. The agar is probably softened by the nitric acid that is 
formed. One organism has been isolated that completely liquefies the agar 
medium after a few weeks. The area about the colonies of nitrate bacteria 
in the agar medium also is greatly softened. 

The effect of cellulose was tried on the eight strains of nitrate bacteria, 
first, the cellulose in filter paper, and then the cellulose in straw. 

A solution of hydrated cellulose from filter paper was made up as follows 
(8): To a mixture of 100 cc. of concentrated H2SO, and 60 cc. of water that 
had been cooled to 60°C., was added 5 gm. of moist filter paper. The 3-litre 
flask containing the mixture was shaken until the paper dissolved, and was 
then completely filled with cold water. The cellulose was thrown out of 
solution in a finely divided mass, and after being allowed to settle, the super- 
natant fluid was poured off. More water was added and the process repeated 
until all the acid disappeared. The suspension of cellulose was then made 
up to any strength desired. The cellulose from the straw was made in the 
same manner. 

Various amounts of the concentrated suspension of cellulose from filter 
paper and straw were placed in petri dishes so that the amounts ran from 
0.1 to 1 per cent at intervals of tenths, and from 1 to 5 per cent at intervals 
of units. In the case of straw it was found impossible to make 4 and 5 per 
cent suspensions of cellulose with the medium. To all petri dishes was added 
10 cc. of the nitrite agar mentioned before. 

The nitrate bacteria were streaked over the surface of the agar and the 
growth examined after intervals. There was no harmful effect caused by the 
cellulose on the nitrate bacteria that could be noticed. In fact with the 
cellulose from the filter paper the growth seemed to increase with the con- 
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centration. With the cellulose from straw no difference in growth could be 
noticed. The results of this experiment indicate that cellulose itself has no 
harmful effect on nitrate-forming bacteria. 


SUMMARY 


1. The addition of straw has a harmful effect on nitrate accumulation in 
the soil after a given time. 

2. As the amount of straw increases the harmful effect increases. 

3. Total-nitrogen determinations throughout the work show that if there 
is a loss in nitrate nitrogen, it is transformed to some other form of nitrogen. 
It is not lost to the soil. 

4, Straw has an effect on nitrates already in the soil. As the straw increases 
the loss in nitrates increases. 

5. Straw acts as a source of energy for nitrogen-fixing bacteria. The 
amount of nitrogen fixed is not dependent upon the amount of straw. 

6. The process of ammonification is inhibited above 0.9 per cent straw. 
As the straw increases the harmful effect increases. 

7. Straw has a decided effect on the number of bacteria. As the straw 
increases the bacteria increase in numbers. 

8. Straw has no effect on the kind of bacteria present in the soil. The 
same types of bacteria predominate in straw-treated soil as predominate in 
soil without straw. 

9. Nitrates that are used by the bacteria are not given off in the nitrite 
form but probably as organic nitrogen. 

10. Cellulose from either filter paper or straw has no effect on the nitrate- 
forming bacteria. 


CONCLUSION 


Straw applied to the soil stimulates the reproduction of bacteria. The 
bacteria use the straw as a source of carbon and use the nitrates (or in some 
cases ammonium sulfate) as a source of nitrogen. The nitrates are trans- 
formed to organic nitrogenous material and for the time being are lost as 
available plant-food. The intensity of the reaction depends upon the amount 
of straw. 
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INTRODUCTION 


Cameron and Patten (4) showed in 1906 that sodium chloride is more easily 
removed from soils by leaching than sodium carbonate. Their studies were 
made with a fine sandy loam and a silty loam soil, each of which contained 
considerable amounts of the sulfate, chloride and carbonate of sodium. Col- 
umns of soil were leached under constant water pressure for a period of several 
weeks. The volume of water that passed through the soil and its content 
of chloride, carbonate and bicarbonate were determined at successive intervals. 

The chloride was completely removed from each soil within a few weeks. 
Normal carbonate also disappeared, although much more slowly than the 
chloride, while small amounts of bicarbonate were still present in the perco- 
lates at the close of the experiment. 

In preliminary leaching experiments with a light sandy soil that contained 
excessive amounts of various sodium salts, we have found that both the 
chloride and sulfate may be readily leached out, but appreciable amounts of 
soluble carbonate remained in the soil after prolonged leaching. 

Vinson and Catlin (14), Hare (7) and Pittman (12) have shown that increas- 
ing amounts of carbonate are dissolved when alkali soils are extracted with 
increasing proportions of water. As pointed out by them, the ratio of soil 
to water used by the different chemical laboratories to extract the salts from 
alkali soils, varies from 1:2 to 1:20. The soil and water are also allowed to 
remain in contact, usually with periodic shaking, for different lengths of time, 
varying from 20 minutes to 24 hours. 

It is well known that certain alkali soils may be substantially improved 
by drainage, especially when the drainage is followed by flooding or heavy 
irrigation. By this means barren alkali wastes, in certain localities, have been 
transformed into highly productive soil. On the other hand, drainage, even 
when accompanied by heavy flooding, has not proved to be an adequate means 
of reclaiming certain tracts of black-alkali soil in California (15) and other 
states (6). 


1 Paper No. 78, University of California, Graduate School of Tropical Agriculture and 
Citrus Experiment Station, Riverside, California. 
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From these and other references that could be cited, it seems that alkaline 
salts produce effects on soils, different either in kind or degree, from those 
produced by neutral salts. As is well known, the claim has frequently been 
made that alkaline salts are adsorbed by soil to a greater degree than neutral 
salts. 

Despite the many investigations that have been made on alkali soils by the 
Bureau of Soils, Hilgard and various other workers, much still remains to be 
determined. It is desirable that we extend our knowledge concerning the 
mutual relationships that exist between soluble salts and soils. 

In a previous paper from this laboratory (10) we have discussed some of 
the chemical effects that are produced when salts are added to soils. The 
present paper will deal mainly with the solubility of sodium salts as they occur 
in natural alkali soils. We have investigated (a) the effect of time on the 
extraction of salts, (b) the effect of different ratios of soil to water, and (c) 
the rate of solution of the several anions present in three types of alkali soil. 


METHODS 


Samples of air-dried soil were used that had been thoroughly mixed and 
passed through a 2-mm. screen. The extracts were made by shaking, with a 
mechanical shaker, portions of soil with distilled water from which all but 
traces of carbon dioxide had been removed by aeration. The extracts were 
filtered through Pasteur-Chamberland tubes with the aid of compressed air.. 
The first portion of the filtrate, usually about 200 cc., was always discarded. 

Carbonate and bicarbonate were determined as soon after filtration as 
possible by double titration with 0.05 N H2SQu, phenolphthalein and methyl 
orange being used as indicators. The pH values of the extracts were deter- 
mined colorimetrically, with Clark and Lubs indicators and buffer solutions. 
Chloride was determined volumetrically by the Mohr method and sulfate 
gravimetrically, after first removing the silica. Nitrate was determined by 
reduction with aluminum in those extracts which contained appreciable 
amounts of chloride or dissolved organic matter. Otherwise, the nitrate was 
determined by the phenoldisulfonic acid method. Total soluble solids were 
determined by evaporating 100 cc. to dryness and heating the residue for an 
hour in an oven at 110°C. 

The soluble constituents of the soils used in this investigation are composed 
mainly of sodium salts, but the content of chloride, sulfate, nitrate and soluble 
carbonate varies considerably. Sample 905 is a light sandy soil from River- 
side, California; no. 907 is a sandy loam from Edison, California; and no. 
908 is a fine sandy loam from Fresno, California. Soils 905 and 907 contai 
large amounts of CaCOs, while soil 908 is almost free from CaCOs. 
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EFFECT OF COzg IN THE COMPRESSED AIR 


Since compressed air is commonly used in filtering soil extracts, it is desir- 
able to determine whether compressed air produces any important effect on 
the carbonate content of the extract. It seemed possible that the carbon- 
dioxide content of the compressed air might convert a portion of the dissolved 
carbonate into bicarbonate. 

Duplicate portions of several different soils, each of which contained con- 
siderable amounts of soluble carbonate, were shaken an hour with aerated 
water in the ratio of 1:5. One solution of each soil was filtered with the 
aid of compressed air in the usual way. The other portion was simultaneously 
filtered with the same kind of filtering apparatus, suction being used instead of 
compressed air. In this case, the upper end of the filtering chamber, instead 
of being attached to the compressed-air line, was connected with a tube filled 
with soda lime to protect the extract from external COs, the lower end of the 
filter being connected with a suction flask. 

Analysis of the extracts showed that in no case was the content of normal 
carbonate reduced by filtering under pressure. On the contrary, the extracts 
from certain soils were found to contain slightly higher amounts of carbonate 
and correspondingly smaller amounts of bicarbonate, when filtered by means 
of compressed air, than when filtered by means of suction. 

It is well known that equilibrium may be affected by pressure and tempera- 
ture, and that the equilibrium between carbonate and bicarbonate is easily 
disturbed (3). It is possible that increasing the pressure tends to force the 
equilibrium of alkali soil extracts in the direction of increased amounts of 
CO;. From these results it seems safe to conclude, however, that the carbon 
dioxide contained in ordinary compressed air does not affect the content of 
normal carbonate in soil extracts to any great extent. 


EFFECT OF TIME ON THE SOLUBILITY 


Portions of each soil were shaken with aerated water in the ratio of 1:5 
for periods ranging from 5 minutes to 8 hours. The solutions were filtered 
immediately and analyzed. The average results of duplicate determinations 
are submitted in tables 1, 2 and 3. 

The data show that soil 905 contains approximately 1.15 per cent total 
soluble matter; soil 907 contains slightly less than 0.20 per cent, and soil 
908 contains approximately 2.50 per cent. 

Similar results were obtained with each soil, so far as the effect of the time 
of shaking is concerned. The amount of total solids dissolved by shaking 
for 5 minutes was less than was dissolved by shaking for longer periods, but 
the solubility of no single ion was consistently increased in the same way. 

These results indicate that constant shaking for a period of 1 hour affords 
sufficient time for approximate equilibrium to be established between water 
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and these soils. It seems probable that the variations in the lengths of time 
employed by the different laboratories in the extraction of alkali salts is a 
matter of no very great practical importance. 


TABLE 1 
Effect of time of shaking on the solubility of soil 905 


TIME OF SHAKING 
a th 4h 8h 
minutes | minutes we) ci eee 
Carbonate (CO,) (opm). «....<..<..2000 135 172 176 202 198 
Bicarbonate (HCOs) (p.p.m.)........-.+55 263 232 247 262 385 
Ciioade (Cl) (6.0:m.).< 22.505 .2 200. 0520 2,244 | 2,249 | 2,293 | 2,251 | 2,256 
Sulfate (SOx) (p.p.m.).......-...+00+000++| 4,194} 4,202 | 4,209 | 4,235 | 4,237 
Mitzate (NO) (ODAN,) «02 << 5-602 o0s:si0is 326 321 321 332 332 
Total soluble solids (p.p.m.)..............| 11,065 | 11,392 | 11,577 | 11,650 | 11,782 
RNGUREIE ob ncp es unisss cu ahesha an Goan 9.0 9.2 8.7 9.0 9.0 
TABLE 2 


Effect of time of shaking on the solubility of soil 907 


TIME OF SHAKING 

eo sideraiis 1 hour 4 hours 8 hours 
Carbonate (CO;) (p.p.m.).........0.0+08- 75 90 67 63 93 
Bicarbonate (HCOs) (p.p.m.)..........4-. * 412 427 468 472 453 
RSROTES (CGI) RETIN.) 5:5 o50:5isie oo a vinie oss os 37 37 36 37 36 
ed CONTE (Ce) aa 237 282 276 303 307 
Nitrate (NOs) (p.p.m.)......000.s0eseeees 27 28 28 28 29 
Total soluble solids (p.p.m.)..............| 1,465 | 1,702 | 1,705 | 1,745 | 1,865 
DEERME ISS GW cies o9'sp 255 <b\ons Shenae ok 8.5 8.5 8.4 8.4 8.5 


TABLE 3 
Effect of time of shaking on the solubility of soil 908 


TIME OF SHAKING 

iets p.m 1 hour 4 hours 8 hours 
Carbonate (CO;)* (p.p.m.)...............| 2,853 | 2,868 | 2,820} 2,880] 2,868 
Chloride (Cl) (p.p.m.)...........-+...2-.| 7,601 | 7,694 | 7,889 | 7,783 | 7,800 
Sulfate (SO,) (p.p.m.).............+..-++-{ 1,672 | 1,663 | 1,647 | 1,658] 1,672 
Nitrate (NOs) (p.p.m.)...................{ 1,271 | 1,348 | 1,425 | 1,387) 1,371 
Total soluble solids (p.p.m.)..............] 25,490 | 25,487 | 27,002 | 26,552 | 26,477 
DRLREDS Sikes Shics Sunn enue ees binels 9.8+ | 9.8+ | 9.8+ | 9.8+ | 9.8+ 


* Bicarbonate (HCO,;) was not determined because of the dark color of the extracts. 
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EFFECT OF THE RATIO OF SOIL TO WATER 


In this experiment the ratio of soil to water was varied from 1:2 to 1:80. 
The soil, after adding the desired amount of water, was shaken 1 hour. Dupli- 
cate determinations were made, the average results of which are submitted 
in tables 4, 5 and 6. 

The amounts of chloride and nitrate found were reasonably uniform through- 
out the entire range of dilutions used. With soils 905 and 907 the amounts 
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of sulfate and total solids that were dissolved, advanced with increases in 
the proportions of water used, while with soil 908 no differences were found. 

On the other hand, the data show at once that the total amounts of car- 
bonate and bicarbonate extractable from soils 905 and 907 depend on the 
proportion of soil to water used. With soil 905 the amounts of carbonate 
and bicarbonate advanced with each increase in the proportion of water used. 
With soil 907 the amount of bicarbonate also increased in a similar manner, 
but the maximum amount of normal carbonate was recovered by the use of 
the ratio of 1:40. 
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TABLE 4 


Effect of different ratios of soil to water on the solubility of soil 905 
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RATIO OF SOIL TO WATER 


1:2 a 1:10 1:20 1:40 1:80 
Carbonate (CO,) (p:p.m.).......00.0000% 73 172 292 510 780} 1,080 
Bicarbonate (HCO,) (p.p.m.)........... 190 247 388 610 793} 1,464 
TORU COe TODA) 6 o0s55650ce vecsees 260 415 673} 1,110} 1,560) 2,519 
Chloride (Cl) (p.p.m.)................-| 2,300) 2,293) 2,287} 2,296) 2,305} 2,553 
Sulfate (SO,) (p.p.m.)..........se0080- 4,048) 4,209) 4,249) 4,299) 4,389) 4,751 
Nitrate (NOs) (p.p.m.)..........0ee0e- 319 321 310 354 319 312. 
Total soluble solids baie p.m. we ..+-| 11,185) 11,577] 12,165] 13,220) 14,440} 16,720 
pH value... ree 8.3 8.7 9.2 9.2 9.2 8.6 

* Calculated from the methyl orange titration. 
TABLE 5 
Effect of different ratios of soil to water on the solubility of soil 907 
RATIO OF SOIL TO WATER 

1:2 £25 1:10 1:20 1:40 1:80 
Carbonate (COs) (p.p.m.).. 9 67 180 360 480 360 
Bicarbonate (HCOs) Pp. p.m. me 294 468 640 732 976 | 1,830 
Total CO;* (p.p.m.).. secessseeee| 298 | 527] 809 | 1,080 | 1,439 | 2,159 
Chloride (Cl) (p.p.m. .. RcterccalevwG ele owvelavecole 41 36 35 35 35 35 
Sulfate (SOD (Pipi) ss's 665%5.0:00:50:0010 264 276 289 277 279 361 
Nitrate (NODA (OPA) ..<.6:5.< + 6 seiaereie) sin: 28 28 29 32 34 28 
Total soluble solids (p.p.m.)............| 1,161 | 1,705 | 2,225 | 2,550 | 3,140 | 3,800 
NN VOUS soos na livwn 535 vale euieeeee 8.0 8.4 8.8 9.3 9.4 8.6 

* Calculated from the methyl orange titration. 
TABLE 6 
Effect of different ratios of soil to water on the solubility of soil 908 
RATIO OF SOIL TO WATER 

1:2 1:5 1:10 1:20 1:40 1:80 
Carbonate (COs) (p.p.m.)..............| 2,976] 2,820) 2,872) 2,805} 2,820) 2,880 
Bicarbonate (HCOs) (p.p.m.)........... 4,392 
Chloride (Cl) (p.p.m.).... arsate 7,772) 7,889} 7,951) 8,139] 7,960) 7,943 — 
Sulfate, (SO) (Dipan,) 65.02 0 se00% 50-08%), 2,408) 1,647 1,696} 1,637) 1,657 
Nitrate (NOs) (ips): oo. cess cies ce 1,506} 1,425} 1,457) 1,484) 1,488) 1,488 
Total soluble solids (p.p.m.)............| 26,926] 27,002) 26,015} 28,560} 27,820) 26,640 
DIPWRINES Vciicccle cscs dams eisce selioaes 9.8+) 9.8+) 9.8+) 9.8+) 9.8+) 9.4+ 
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While bicarbonate was not determined in the extracts from soil 908 on 
account of the large amount of dissolved organic matter which they con- 
tained, it is nevertheless interesting to note that the amount of normal car- 
bonate found was approximately the same with every ratio of soil to water 
that was used. 

As is well known, ordinary distilled water contains more or less dissolved 
CO:, but the amount is subject to considerable variation. In order to elimi- 
nate variation as far as possible, we, as stated above, have used distilled water 
which was as nearly free from CO, as practicable. It is of interest to note 
in this connection that the CO; content of other extracts of soil 905 have 
been found to be approximately the same, whether the solutions were made 
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with ordinary distilled water or with aerated water, but that the HCO; con- 
tent was appreciably higher when ordinary distilled water was used. This 
seems to indicate that the solid phase from which the dissolved carbonate 
was derived was not exhausted by the amount of aerated water used. 
Equilibrium between CO; and HCO; is readily disturbed by changes in 
the temperature, by variations in the concentration of other salts, and perhaps 
most of all by the presence of dissolved CO:. Moreover, aqueous solutions 
prepared by dissolving either NagCO; or NaHCO; always contain both CO; 
and HCO; ions when equilibrium is established (3). For these reasons we 
have calculated the total CO; from the methyl-orange titrations. The results 
indicate that the solid phase from which the CO; and HCO; were derived was 


SOLUBILITY OF ANIONS IN ALKALI SOILS 269 


1600 


308 


700 


100 


600), 


500 


¢ 
3s 


td 
°s 
oo 


PARTS PER MILLION 
3 


s 
S 


Cl 


3 <3 —2 
: ; Nos ate 
f i ; 


20 +o 
RATIO OF SoiL TO WATER 


Fic. 5. Errect oF Vartous Ratios oF Sort TO WATER ON THE EXTRACTION OF ANIONS IN 
Sort 907 


270 W. P. KELLEY AND S. M. BROWN 


not exhausted in soils 905 and 907, even by using 80 times as much water 
as soil. 

The fact that soils 905 and 907 contain relatively large amounts of CaCOs, 
while soil 908 contains practically none, must be taken into consideration in 
this connection. When expressed on the basis of air-dried soil, the 1:2 extract 
of soil 905 was found to contain 26 parts per million of calcium. With each 
increase in the proportion of water above the ratio of 1:2, greater absolute 
amounts of calcium were dissolved, the 1:80 extract having been found to 
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contain 528 parts per million of calcium. The absolute amount of dissolved 
magnesium also increased with dilution, but to a lesser degree than that of 
calcium. On the other hand, the total amount of dissolved calcium and 
magnesium was by no means sufficient to satisfy the CO; and HCO; content 
of any of the extracts. In fact, the amount of sodium which passed into 
solution from adsorbed substances, or more probably from compounds of 
low solubility, increased with dilution very much more rapidly than was the 
case with calcium and magnesium. Since CaCO; is appreciably soluble in 
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water and very much more so in solutions of neutral salts, and in view of the 
amounts of dissolved calcium, it is reasonably certain that a part of the CO; 
and HCO; found in the extracts of soils 905 and 907 was derived from-CaCOs, 
but it is certain that a still larger part of the dissolved CO; and HCO; was 
derived from sodium compounds. 

The OH-ion concentration of the extracts is especially interesting. It 
will be noted that within certain limits of dilution, soils 905 and 907 gave 
extracts the pH value of which increased (denoting increasing OH-ion concen- 
trations) as the proportion of water to soil increased. 

With soil 905 the pH value of the extracts increased from 8.3 to 9.2 as the 
proportion of water was increased from 1:2 to 1:10, and further dilution up 
to 1:40 gave solutions of the same pH value as the 1:10 solution. 

The 1:2 extract of soil 907 gave a pH value of 8.0 and each increase in the 
proportion of water, until the ratio of 1:40 was reached, gave extracts with 
increasing OH-ion concentration. With this dilution the pH value was 9.4. 


TABLE 7 
The concentration of COs and HCOs in soil extracts 
RATIO OF SOIL TO WATER 
132 i:$ 1:10 1:20 1:40 1:80 
Dp. p.m. | p. p.m Dd. p.m. ?- dD. m. d. p.m Dd. p.m, 
Soil 905: 
MOOS cicsec'. oanincened deneee 36.5 34.0 29.0 25.5 19.5 13.5 
1210 CE ee eer anc te 95.0 49.0 39.0 30.5 20.0 18.0 
Soil 907 : 
NO ioicctaa sere tn reaine Salsioss 4.5 13.0 18.0 18.0 12.0 4.5 
PEO e oicis a oiscavin sacs enasisiniese 147.0 94.0 64.0 37.0 24.0 23.0 
Soil 908: 
CO raise daisies Rees 1488.0 | 564.0] 287.0] 140.0 70.5 36.0 


The extracts of soil 908 obtained by the use of ratios ranging from 1:2 to 
1:40 each gave a pH value of 9.8 or more, which is the upper limit of the 
standard buffer solutions at our disposal. The 1:80 extract, however, was 
less alkaline, having a pH value of 9.4. In view of the fact that this soil 
contains relatively large amounts of sodium carbonate, it is not surprising 
that the OH-ion concentration of each of its extracts was high. 

The preceding data were calculated as parts per million of the air-dried 
soil. In making the determinations it was noted, in the case of one soil, that 
the solutions obtained with the use of relatively small proportions of water 
actually contained less normal carbonate per unit volume than the 1:20 
extract. To bring out the effects of dilution more clearly, the content of 
CO; and HCO; expressed as parts per million of the extract is submitted in 
table 7. 

It will be noted that the 1:2 and 1:5 extracts of soil 905 contained approx- 
imately equal concentrations of CO;. With each succeeding increase in the 
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relative proportions of water above 1:5, the extracts contained somewhat 
lower concentrations of COs, but the decreases were not proportional to the 
increases in the amount of water used. With soil 907 the concentration of 
CO; in the extracts increased substantially as the proportion of water was 
increased, reaching its maximum with the ratios of 1:10 and 1:20. On the 
other hand, soil 908 gave extracts whose content of CO; was pp pamermamecd 
inversely proportional to the amount of water used. 

The HCO; content of the extracts of soils 905 and 907 was found to decrease 
as the proportion of water was increased, but in view of the variation in CO; 
already noted the ratio of CO; to HCO; must have varied. 

These data are in harmony with the results of Cameron and Briggs (3) 
in showing that the equilibrium between CO; and HCO; is affected by concen- 
tration. But, as suggested above, shifts in the equilibrium may also take 
place as a result of changes in the temperature and the partial pressure of 
CO.. As the temperature is increased, or as the partial pressure of CO, is 
decreased, the relative proportion of CO; will increase. 

Since the concentration of salts in alkali soils is subject to wide fluctuation 
as a result of irrigation, rains and evaporation, and the temperature of the 
soil and air varies many degrees within a single 24-hour period, and since 
the amount of CO: is also subject to change, it seems questionable whether 
there is anything to be gained by making a distinction between CO; and HCO; 
in the ordinary analysis of alkali soils. Further discussion on this point will 
be submitted elsewhere. 

It is quite evident from the preceding data that the amount of soluble 
carbonate and bicarbonate that will be found in a black-alkali soil may be 
influenced considerably by the ratio of soil to water used in making the extract. 
With certain soils the wider the ratio the greater will be the total amount 
found, while with other soils this does not seem to be true. 

The preceding data indicate that the OH-ion concentration of an alkali 
soil, when determined in an aqueous extract or suspension of the soil, may, 
in some cases at least, be very different from that of the soil solution as it 
occurs in the open field. Under such conditions the OH-ion concentration 
may not be above the toxic limit for plant growth (8), although the soil may 
actually contain appreciable amounts of sodium carbonate. 

The occurrence of OH-ions in excess of H-ions in the soil moisture is mainly 
due to the hydrolysis of salts of strong bases and weak acids. The preceding 
data indicate that both the hydrolysis and the solubility of sodium carbonate 
in soil 907 are dependent, to a considerable extent, on the proportion of soil 
to water; that is, on the total concentration of the solution at equilibrium 
with the solid phase. 

Not only is the occurrence of excessive alkalinity in the soil solution due to 
hydrolysis, mainly of carbonates, but the actual concentration of OH ions at 
a given instant is dependent on the partial pressure of carbon dioxide in the 
soil atmosphere. Since the latter probably varies from time to time, depend- 
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ing on the amount furnished by growing plants and the variable activity of 
the micro-organisms present, the OH-ion concentration must vary also. 

While a determination of the pH value of a soil suspension or extract, as 
an isolated soil factor, seems to be of doubtful value, practically every student 
of the alkali problem has placed emphasis on the question of the total amount 
of sodium carbonate present.2 The preceding data show, however, that the 
usual methods do not give a true measure of the total amount present. Ina 
subsequent paper, other methods for the determination of black alkali and 
the importance of carbon dioxide as a neutralizing agent in alkali soils, will 
be discussed. 


RATE OF SOLUTION OF ANIONS IN ALKALI SOILS 


As a means of securing further light on the solubility of the different con- 
stituents of these soils, portions of each were extracted with water several 
times. The procedure adopted was as follows. 

Weighed amounts of soil were placed in clean acid bottles and sufficient 
water was added to effect three different ratios of soil to water. After shaking 
for 1 hour the solutions were filtered through Pasteur-Chamberland filters, 
care being taken to transfer as much of the soil as possible to the filter chamber. 

The filtration was continued until all of the free water had been forced 
through the filter tube. The remaining soil was removed from the filtering 
apparatus by the aid of a spatula and re-introduced into the original bottle. 
A second quantity of water was added, sufficient in amount to effect the same 
ratio as before, and the contents were shaken for 1 hour and filtered. This 
process was repeated twice with soils 905 and 907 and three times with soil 
908. The successive filtrates were analyzed with the results shown in tables 
8, 9 and 10. 

It will be noted that when soil 905 was extracted a second time with water 
in the ratio of 1:2 or 1:5, solutions were obtained which contained as much 
CO; and HCO; as the first extracts. With those ratios both the second and 
third extracts of soil 907 contained greater amounts of CO; than the first, 
while the second extraction with the 1:10 ratio yielded as much CO; as the 
first. 

In contrast to soils 905 and 907, a relatively large proportion of the CO; 
in soil 908 was dissolved by the first extraction. It is interesting to note, 
however, that appreciable amounts of soluble CO; still remained in this soil 
after it had been extracted three times. In other words, the absolute amount 
of sodium carbonate that remained undissolved after the first extraction was 
appreciable in each of these soils, although not very great in any one of them. - 


2It is well known that successful crops may sometimes be grown on soils that contain 
several hundred parts per million of soluble CO;. The pH value of a suspension of such soils 
is frequently above 9.0, but owing to adsorption and the action of COz, the soil films that 
are in contact with the roots of the growing plants probably contain much lower OH-ion 
concentration than the soil mass as a whole. 
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The major portion of the chloride, sulfate and nitrate was removed from 
each soil by the first extraction. In fact, the quantities of these ions found 
in each succeeding extract was such as may reasonably be supposed to have 
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Fic. 7. CONCENTRATION OF THE VARIOUS ANIONS IN SUCCESSIVE Extracts (1:5) oF 
Sort 905 


been derived from the adhering moisture remaining from the immediately 
preceding extraction. 

Since the final extract from each soil still showed the presence of soluble 
carbonate, a sample of soil 853, which was obtained from the same locality 
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as soil 905, was shaken six successive times with fresh portions of water, at 
the ratio of 1:5. Carbonate, bicarbonate, chloride and pH values were deter- 
mined in the filtrates as shown in table 11. 

It will be noted that the second extract of this soil also contained greater 
amounts of CO; than the first, but that, while the carbonate content of the 
succeeding extracts gradually decreased, small amounts still remained after 
the fifth extraction. The bicarbonate slowly decreased with each extraction, 


8 
| 
7} 
eb 
ef Neo, 
a” T 
= 
= 
>3t 
© CQ 
= 
« 
oS 
Ge 
1 C; SO, 
No, 
78 ha 3" 


ORDER OF EXTRACTION 


Fic. 8. CONCENTRATION OF THE VARIOUS ANIONS IN SUCCESSIVE Extracts (1:5) oF 
Som 907 


but considerable amounts still remained at the end of the experiment. The 
chloride, on the other hand, was completely removed by the second extraction. 

The relative solubility of the anions in these soils becomes more apparent 
from a study of the data presented in tables 12, 13 and 14. In these tables 
are recorded the reacting values of the anions computed from the data 
reported in tables 8, 9 and 10. The calculations were made by multiplying 
the parts per million of a given ion by its reaction coefficient.’ 


3 The reacting coefficient of an ion is the reciprocal of its weight on the atomic scale 
divided by its valency. 
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Fic. 9. CONCENTRATION OF THE VARIOUS ANIONS IN SUCCESSIVE Extracts (1:5) oF 


34 


Sort 908 
TABLE 11 
Results of repeated extraction with soil 853 
ORDER OF EXTRACTION 
First Second Third Fourth Fifth Sixth 
extraction | extraction | extraction | extraction | extraction | extraction 
Carbonate (CO;) (p.p.m.)........ 75 112 52 30 22 15 
Bicarbonate (HCO;) (p.p.m.)..... 655| 625 | 495 | 472 | 456 | 442 
Chloride (Cl) (p.p.m.)...........] 1,901 159 0 0 0 0 
POI GNODS ov 06s 55's ban eeda se 8.8 8.8 8.8 8.5 8.4 8.0 
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Fic. 10. Amount oF CO; AND HCO; REMovED FROM Sort 853 By REPEATED EXTRACTION 
WITH WATER 


TABLE 12 


Anions dissolved from soil 905 by successive extraction 


RATIO OF SOIL TO WATER 


1:2 | ass 1:10 

First Second | Third First Second | Third First Second | Third 
extrac- | extrac- | extrac- | extrac- | extrac- | extrac- | extrac- | extrac- extrac 

tion tion tion tion tion tion tion tion tion 

Reacting values 

oC are 240.1 2:50 1.30} 5:59:| 6.29 3:00:| 9.22)| 5.73 1.00 
| | ©, 0 ae 3.29) 7.61] 5.80} 4.18 | 10.00] 6.56 | 6.49 | 14.63 | 11.12 
RON reais stisic wos 64.86 | 7.56| 1.49 | 64.75 | 2.62 | 0.25 | 64.24] 1.86] 0.25 
Ce ee ee 82.45 | 11.23 | 2.22 | 87.73 | 3.99] 0.85 | 88.17 | 2.87 1.16 

| Cee 5.05 | 0.74] 0.08} 5.17] 0.35} 0.05} 4.83 | 0.26 0 

Reacting value in percentage 

C0 SA oe 0.76 | 4.22 | 5.97 | 1.67 | 13.53 | 14.01 | 2.66 | 11.30 | 3.70 
cl G, 0 reer 1.04 | 12.84 | 26.63 | 1.25 | 21.50 | 30.62 | 1.88 | 28.86 | 41.09 
_ © reer 20:52 {| 12:75 | 6:84 | 19.34] 5:63)| 1.17 | 18:57 | 3.67 | 0.92 
CARRE 26.08 | 18.94 | 10.19 | 26.20 | 8.58 | 3.97 | 25.49 | 5.66] 4.29 

Roiniels aleve ois 0.37 1-54)| (0376) 0:23"|' -1.402| 0.51 0 
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TABLE 13 
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Anions dissolved from soil 907 by successive extraction 


RATIO OF SOIL TO WATER 
1:5 1:10 
First Second | Third First | Second | Third First | Second | Third 
extrac- | extrac- | extrac- | extrac- | extrac- | extrac- | extrac- | extrac- | extrac 
tion tion tion tion tion tion tion tion 
Reacting value 
ae 0.30 1.10 2.23 3.43 2s 5.99 5.99 1.50 
_ 6 ( ae 4.82 3.46 7.68 3.304 2B: 10.50; 5.25 5.87 
_: EE 1.16 0 1.01 0 0 0.99 0 0 
~ ( ae 5.97 0.83 5.74 1.18 0. 6.01 1.85 0.66 
DAMS ciasssexed 0.45 0 0.45 05 0 0.47 0 0 
Reacting value in percentage 
ISO cknxuwcne 1.23 10.20 6.52 | 16.10 | 15.53 | 12.50 | 22.88 9.34 
| © ¢ Sere 19.75 | 30.32 | 32.10 | 22.44 | 27.57 | 30.48 | 21.91 | 20.05 | 36.55 
C Ee 4.75 0 2.95 | 0 0 2.07: 0 | 0 
SO,.. 22.42 | 12.06 7.70 | 16.77 6.07 3.99 | 12.54 7.07 4.11 
Oi catsa san 1.84 0 1.32 0.26; 0 0.98 0 0 
TABLE 14 
Anions dissolved from soil 908 by successive extraction 
RATIO OF SOIL TO WATER 
1:10 1:20 
First Third | Fourth] First | Second Fourth} First | Second 
extrac- extrac- | extrac- | extrac- | extrac- extrac- | extrac- | extrac- 
tion tion tion tion tion tion tion tion 
Reacting value 
CO;.. A | 4.00} 2.00) 95.64) 12.99 1.00} 93.41) 12.49 
| 6.05} 4.74 12.76 4.76 20.01 
IE Sckses saw eae 222.45} 5.55 0.25; 0 224.22} 3.50 0 229.52} 4.48 
COVA 34.26) 1.84 | 0 0 1.91 0 35.28} 0.75 
- NO.. .| 23.94) 0.42 0.21) 0.14) 23.46) 0.29 0.11) 23.89) 0.11 
Reacting value in percentage 
LOSSES eee 19.03) 14.53 20.65 8.52 16.50 
_ | Sear: 28.78) 34.45 20.29 40.54 26.44 
PEiickwisesencsus 1.19) 0 5.56 0 5.92 
DM hone nn enaas 0 0 3.07 0 0.99 
DOs ccbbiesscees 1.00} 1.02 0.46 0.94 0.15 
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The percentage of the different anions in a given solution also was calcu- 
lated, the assumption being made that CO;, HCOs, Cl, SO, and NO; were 
the only anions present in these solutions. Asa matter of fact, small amounts 
of PQ, also were present and possibly SiO; as well, but the amounts were too 
small to affect these calculations materially. Since the anions and cations 
of a solution are numerically equal, the total of either is responsible for only 
50*per cent of the total reacting value of the solution. 
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Fic. 11. REACTING VALUE OF THE ANIONS IN SUCCESSIVE EXxTRACTs OF Sort 905 ExprRESSED 
AS PERCENTAGE OF THE TOTAL REACTING VALUE OF THE SOLUTION 


From data showing the reacting value of the different ions, together with 
their percentages, the true chemical nature of a solution may be readily 
determined. Such data afford a convenient basis for making strictly chemical 
comparisons between solutions of different composition and concentration; 
whereas their true chemical relationships may not be apparent from the 
ordinary analysis.‘ 


4 The chemists of the United States Geological Survey make extensive use of this prin- 
ciple in studying the composition of solutions (11, 13). As pointed out by Hoagland and 
Christie (9), agricultural chemists have not adopted it generally. Extensive use of this 
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Fic. 12. REACTING VALUE OF THE ANIONS IN SUCCESSIVE ExTRACTs OF Sort 907 ExpRESSED 
AS PERCENTAGE OF THE TOTAL REACTING VALUE OF THE SOLUTION 


principle is made in this laboratory in studying the composition of soil extracts and irrigation 
waters. 

It is also unfortunate that agricultural chemists should continue to report the numerical 
amounts of the several salts that are supposed to occur in alkali soils and irrigation water. 
As a matter of fact, the constituents of solutions exist in the form of ions, either in part or 
wholly, and not as salts. Furthermore, all of the various schemes in use for combining the 
different ions in mixed salt solutions are largely hypothetical and belong essentially to the 
realm of guess work. Moreover, Anderson and Fry (1) have shown recently that when 
aqueous extracts of soils are evaporated the salts crystallize out, not entirely as the simple 
salts of commerce, but in part as complex double salts. It would appear to be more logical, 
therefore, to report the ions actually determined without speculating as to their hypo- 
thetical combinations. 
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It will be noted that the chemical nature of the first extract of each soil 
was substantially different from that of subsequent extracts. The anions 
of the first extracts were mainly chloride (soil 908), sulfate (soil 907) or both 
(soil 905). The second extracts contained relatively greater percentages of 
carbonate and bicarbonate than the first, and finally the third and fourth 
extracts were composed very largely of carbonate and bicarbonate, the latter 
predominating. 

Thus it seems quite evident that the relationship between soils and alkaline 
sodium salts is quite different from that between soils and neutral sodium 
salts. As will be shown in a subsequent paper from experiments conducted 
in the open field, repeated flooding accompanied by artificial drainage has 
thus far failed to reduce the content of sodium carbonate of one of these soils 
to a point sufficiently low to permit satisfactory growth of barley. 

Many investigators have suggested that alkaline salts are adsorbed to a 
greater degree than neutral salts, but whether adsorption or the formation 
of chemical compounds of low solubility, as a result of reactions that take 
place between the alkaline salts and soil silicates or organic matter, is respon- 
sible for this fact, cannot now be stated with certainty. It seems probable 
that the occurrence of compounds of low solubility has more to do with the 
observed facts than the phenomenon of adsorption.’ Whatever may be the 
true explanation of these data, however, they show that it is extremely difficult 
to remove the last trace of sodium carbonate from soils by leaching. 

It seems appropriate to emphasize the fact that the difficulties encountered 
in removing sodium carbonate from alkali soils by leaching have usually not 
been recognized sufficiently, either by investigators of the alkali problem, or 
by those engaged in alkali reclamation. It is safe to conclude that the appli- 
cation of some neutralizing agent in addition to artificial flooding will be 
helpful in the treatment of any soil that contains black alkali, and that with 
certain soils the application of a neutralizing agent will probably be absolutely 
essential to their permanent reclamation. Hilgard proposed the use of gypsum 
for this purpose. In a subsequent paper we will discuss the use of various 
other neutralizing agents. 

In a previous paper from this laboratory (10) it was shown that non-alkali 
soils absorb considerably more sodium from solutions of sodium carbonate 
or sodium hydrate than from solutions of neutral sodium salts. It was also 
shown that neutral sodium salts react with soils by double decomposition, 
forming compounds relatively high in sodium but of low solubility. In a 
subsequent paper it will be shown that the insoluble compounds formed by 
double decomposition hydrolyze in aqueous suspension yielding strongly 
alkaline solutions (see a recent paper by Dominicis (5)). It is possible that 
a portion of the alkalinity of the second and third extracts noted above may 
have been due to the hydrolysis of such compounds. 


5 See a recent paper by Bouyoucos (2). 
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SUMMARY 


1. The use of compressed air in filtering extracts of alkali soils was not 
found to affect the content of CO; or HCO; materially. 

2. The amount of total solids dissolved by water was found to increase as 
the time of shaking was increased, but no consistent variation was found in 
the amount of any one of the anions. The conclusion is drawn that shaking 
for 1 hour brings about approximate equilibrium between water and the soils 
studied. 

3. The total amounts of CO; and HCO; removed from two of the soils 
studied were found to increase as the ratio of water to soil was increased, 
while a third soil showed no substantial difference in the amount of CO; 
dissolved. 

4, Approximately equal amounts of Cl and NO; were dissolved by every 
ratio of soil to water that was used, while in the case of two of the soils studied, 
the amount of dissolved SO, increased somewhat as the proportion of water 
was increased. 

5. The concentration of OH ions in the extracts of two soils was lowest 
where the ratio of soil to water was 1:2, and substantially increased with 
dilution, reaching a maximum with one soil when the ratio was 1:10 and with 
the other soil when the ratio was 1:40. 

6. It is pointed out that the pH value of extracts or suspensions of alkali 
soils may be substantially higher than that of the soil solution as it occurs in 
the open field. 

7. By extracting the same portion of soil successively with water, it 
was found that greater amounts of normal carbonate were dissolved by the 
second extraction than by the first; whereas a very large percentage of the 
Cl, SO, and NO; were dissolved by the first extraction. 

8. Solutions of substantially different chemical nature were obtained from 
each soil by extracting them with successive portions of water. The first 
extracts were composed mainly of chloride, sulfate and nitrate, while the 
succeeding extracts were composed of increasing percentages of carbonate or 
bicarbonate. 

9. It seems evident that alkaline salts are either adsorbed or held in loose 
chemical combination by soils to a much greater degree than neutral salts. 
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